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ABSTRACT
Four palladium-silver and seven pal 1adium-rhodium 
heterodinuclear complexes have been prepared by treatment 
o-f t-(NC) ^ Pd (dppm) with suitable silver salts and with 
[RhCl(cod)3^ and suitable tertiary phosphines, respect­
ively. The molecular structure o-f t-(NC) zPd (dppm) 2Ag (0N0) 
has been determined by single crystal X-ray di-fTraction. 
The crystals are monoclinic, space group P2i/c, a=14.745 
(7) b=19.208(7) A, c = 17.486(6) A, >3=94. 99 (2) and
Z=4. The -final R -factor was 0.032 -for 8673 unique 
reflections. The phosphorus-31 nmr spectra o-f the four 
Pd-Ag complexes have been analysed by computer program 
simulation to find Ag-P coupling constants for the four 
pairs of isotopic isomers of the silver-107 and silver— 109 
complexes. A comparison of the 31P-flH J nmr spectra of 
complexes t - ( N O 2Pd(dppm)^Ag(0N0) and t-(NC)=Pd(dppm)sAg- 
(ONOe ) shows that the additional oxygen atom in the nitr­
ate complex decreases the electron density around the 
phosphorus atoms bonded to the silver center, but increa­
ses the s character of the electron density between these 
phosphorus atoms and the silver atom in the same molecule. 
A comparison of the 31P— -C*h > nmr spectra of complexes
x vi
t-(NC)=Pd(dppm)zAg(OOCH) and t-(NC)zPd(dppm)zAg(OOCMe) 
shows that the substitution o-f the hydrogen in the -formate 
complex by the methyl group in the acetate complex 
increases the electron density around the phosphorus atoms 
bonded to the silver center, but decreases the s character 
o-f the electron density between these phosphorus atoms and 
the silver atom. The three complexes! t-(NC)=Pd(dppm)=-
RhClZ, in which Z = P(OEt)3, PPh3 , and P(Tol-p)3 , have 
been prepared by two methods which use the same starting 
materials: CRhCl(cod)1^, t— ( N C ) ^ P d ( d p p m ) a n d  the appro­
priate phosphorus ligand. The two methods produce the same 
product via di-f-ferent intermediate(s) involving different 
reaction sequences. Complexes t-(NC)2Pd(dppm)=RhClZ, in 
which Z=PPh2 (OMe), P(OPh>3 , PPh2 (Tol-p), and y-picoline, 
have been prepared by only one method. All the Pd-Ag 
and Pd-Rh heterodinuclear complexes give 31P-f1H 3- nmr 
spectra with some common aspects and some differences. 
The new heterodinuclear complexes are expected to possess 
unique catalytic activity based upon the uniqueness of the 
heterodimetal centers.
x vi i
SECTION <I>
INTRODUCTION
I. Transition Metal Phosphine Complexes in Catalysis
Transition metal phosphine complexes have attracted 
a great deal o-f interest1-2. A number o-f phosphine 
complexes have been shown to act as e-f-ficient catalysts 
or catalyst precursors -for various important reactions.
In 1939 Iguchi discovered that certain unstable 
rhodium complexes catalyzed the hydrogenation of organic 
substances such as fufs-aric acid". In the 1940's Reppe 
et al. discovered that phosphines enhanced the activity 
of some nickel-based catalysts of polymerization and 
carbonylation4. However, the major breakthrough was the 
discovery of Wilkinson’s catalyst3 in 1965.
For the simple hydrogenation of alkenes, the 
Wilkinson’s catalyst4, [RhCl (PPh.,)-.3, has been the most 
efficient. These catalytic reactions take place at 25°C 
under 1 atm pressure of hydrogen3 .
For selective hydrogenation of alkenes and alkynes,
complexes CRuCl2 (PPh3 ) and CRhH(CO) (PPh3 )3.]^  are
active in the presence of other functional groups such 
as -CH0, ^C=CHC00H, —CN, or -N02 which are not affected 
during the catalytic reactions.
1
2For asymmetric hydrogenation of an unsaturated 
amino acid to produce its derivatives, different rhodium 
complexes with different chelating biphosphines give 
different ratios of optical products®.
For alkene hydroformylation catalyzed by certain 
cobalt or rhodium complexes, the modification effect of 
phosphi nes is remarkable The reacti on pressure
could be decreased from 250-350 atm to 50-100 atm when 
using the cobalt complexes as the catalyst and to 15-25 
atm when the rhodium complexes were used. The ratio of 
normal to iso- product increased from 3-4 : 1 to 6-8 : 1 
for the cobalt system and to 10-14 : 1 for the rhodium 
system.
In the area of investigation of potential catalysts 
for nitrogen fixation, more than 60 various transition 
metal phosphine complexes have been prepared and 
studied. A copper complex, CCu<PPh3 ) has demon­
strated some catalytic behavior. A reaction pathway of 
nitrogen fixation by using molybdenum triphosphine 
complexes has been proposed involving three binuclear 
complexes as intermedi atesl°b.
From the foregoing brief examples, it may be seen 
that transition metal phosphine complexes have played 
an important role in many useful catalytic processes.
3So -far there are very -few reports, however, of the 
use of heterodinuclear metal phosphine complexes as 
catalysts. An interesting example in this category are 
the complexes CMCoz (CO)^(dppe)1 < M = Pd, Pt > which 
have been used for the homologation of methanol with 
carbon monoxide and hydrogen to produce ethanol,etc,11.
cat. CH3CHzOH + CH3CH(OCH3 )» 
c h 3o h + CO + h 2 ---------- >
+ CH3COOCH.3 + ch3och3
II. Expected Uses of Heteronuclear Complexes
In recent years a new trend in the area of 
transition metal complexes has emerged. The synthesis 
and investigation of polynuclear metal complexes has 
been developing very fast12-13.
In particular, heterodimetallie complexes are very 
attractive because of their novel structural and 
reactive features and their potential for catalysis. In 
heterodimetal1ic complexes, two different metal atoms 
or ions are incorporated into the same molecule. They 
may act together to induce unusual polarization, or 
each metal center may perform an individual and/or 
separate function. One center may bind a substrate
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molecule while the second acts to feed or remove 
electron density into or from the first site. Thus 
the presence of two metal centers may cooperate to 
faci1itate multielectron redox reactions which could 
not be handled by a single metal center. Small 
molecules such as Hz , 0Z , Nz , CO, C02 , etc. may be more 
readily activated by attachment to the double metal 
center. These may lead to new types of reactions 
affording new opportunities.
A number of papers dealing with heterodinuclear 
metal phosphine complexes have been pub1ished. Most of 
them have focused only on the preparation and physical 
property studies of such complexes. It is only recently 
that the reactivity of heterodinuclear metal phosphine 
comp1 exes has been reported in detai1, and there have 
been recent successful uses made of such complexes.
Some Mn-Pt heterodi metal lie phosphi ne carbonyl 
complexes14 have been shown to exhibit extensive 
activities in such reactions as ligand substitutions, 
cation insertions, and reactions on the coordinated 
carbonyl 1i gand. Some Ru—Mo compounds1s are capable of 
reversibly reacting with molecules 1ike CO or Hz . Some 
Ru—Rh1&and Re-Rh17 comp1exes show reacti vi ty toward 
CO and Hz . It is worth to noting that 1igand migration 
between the heterodi metal centers has been observed 
The so-called semi-bridging carbonyl, which is strongly
5
bonded to a metal center while weakly interacting with 
the second metal center, has been confirmed by X-ray 
molecular structure determinations1**ias.
A major remarkable and important -feature of most 
reactive heterodi metal complexes is that the molecules 
are f1uxional, labi1e, or unstable. The reason is that 
as the two metal centers approach one another, the 
repulsion between the two nuclei wi11 increase unless 
there is enough electron density between them to form a 
metal-metal bond. However, this feature just meets the 
requirement for a complex being a catalyst candidate1®. 
During a catalytic process, the catalyst molecule should 
be able to swi tch its coordi nati on number and/or 
oxidation state to catch the reactant molecule and to 
release the product molecule produced. However, it is 
this feature which makes the research rather difficult. 
Most reactions must be carried out under an inert 
atmosphere. Often the isolation of a pure chemical 
species is very inconvenient and difficult. In most 
cases those complexes which can be isolated are not 
really reactive catalysts. Commonly, the preparation, 
detection, and measurement of true catalysts must be 
done in situ.
III. Bis(diphenylphosphino)methane -—  A Special Ligand
6The -first tertiary phosphines were prepared in 
1847 x'p. In modern coordination chemistry, tertiary 
phosphines have p1ayed a large role as common and 
important ligands. Transition metals have demonstrated 
a pronounced tendency to form complexes with phosphines. 
Many thousands of transition metal complexes contain­
ing phosphine ligands have been reported.
Among phosphines, bi s-(diphenylphosphino)methane
( dppm =— Ph=PCHEPPh2 == P ‘^ V P ) is a special one.
In the dppm molecule the two phosphorus atoms are close
to each other because they are bonded to the same carbon 
atom. The four phenyl groups confer both steric and 
electronic effects upon the properties of the molecule. 
This compound has a moderate stabi1ity, a moderate 
reactivity, and a moderate coordinative abi1ity. This 
molecule can act as either a monodentate or bidentate 
1igand, and it can also act as either a chelating or a 
bridging 1igand. This type of chemical variabi1ity may 
help satisfy the requirement for a transition metal 
complex to behave as a catalyst or a catalyst precursor.
When dppm is chelated to a metal center, the strain 
in the 4-membered ring skeleton can be seen by looking
at the smal1 PMP angles of 67-74° and the PCP angles of
93-100°, whereas the normal bond angles would be 90° and 
109°,respectively. See Table 1.
7Table 1. Bond Angles (°) in MPs>C Skeletons o-f Transition 
Metal Complexes with Chelating dppm Ligand
Complex P-M-P P-C-P Ref,
/ P\
<0C) *»Mo _CH2 67.36(2) 98.96(10) *
P
Cl
✓ PN I
H=C J>h CHZ 72.45(7) 96.7(3)
P | p'
H
Cl^Pd. CH= 72.68(3) 93.0(1)
/ PN
(NCS)2Pd CH2 73.33 94.7
P
Ph2Pd 'CHs 73 95
^ P
S's / PN
HC'. Pt ;CH 69.1(1) 99.4(1)
'p'
/ PN
(0C),Fe CH2 73.5(1) 90.8(2)
P
S o b
20d
Z O i
2 0 t
* Unpublished results from this research.
8It is expected that i-f the strain energy is larger 
than the -formation energy of the two M-P bonds, the four—  
membered ring should not form. If the ring does form, the 
total energy of the molecule is raised to a higher 
level, and the reactivity of the molecule increases. 
Therefore dppm more readi1y becomes a uni dentate 1igand 
and may then coordinate to a second available metal 
center to form a dinuclear complex.
This research has focused on the syntheses and 31P 
nuclear magnetic resonance studies of two series of 
heterodinuclear pal1adi um-si1ver and palladium-rhodium 
complexes because they may have great potential uses for 
catalytic reactions.
Pal 1adiurn(II) complexes generally have a square 
planar structure. And since Pd(II) can also exhibit 
a coordination number of six, such complexes may be 
considered to have two vacant coordinate sites. Thus, 
transformations between 18- and 16- electron molecules 
readily occur. Many palladium compounds have been used in 
synthetic and catalytic reactions21. Complexes with Pd-Pd 
bonds have been found to be active catalysts for hydro­
genation, carbonyl ation, oligomerization, hydration, and 
oxidative acetylation of alkenes22.
Silver(I) compounds may have various types of mole­
cular structures: linear, trigonal, tetrahedral, and even 
pentagonal pyramidal or octahedral. Silver compounds have 
been used in organic chemistry: for example, oxidative
dehydrogenation of alkenes23* , oxidative C—C bond cleav­
age transfer of alkyl groups from organosilver
compounds23^ , cycloaddition23cl, ring rearrangements255*, 
and ring openings23*’.
Rhodium(I) also gives rise to four— coordinate square 
planar structures, e.g. RhCl(PPh3)3, or five-coordinate 
trigonal bipyramidal structures, e.g. RhH<COMPPh3 > 3. 
Often interconversions between four—  and five- coordinate 
species occur during reactions. Numerous applications of 
tris(phosphine)rhodiumd) chloride complexes in catalytic 
systems of hydrogenation, dehydrogenation, hydrogen 
transfer, hydrof ormy1 at i on, carbonyl ation, hydrosilyl- 
ation, oxidation, isomerization, and oligamerization have 
been reported =■*. New catalytic reactions have been 
continuously developed. For example 2S«,
RhCl(PPh3)3 CH2
ClCHzCOQCH2CH=CH2 ------------- > ClCH2COOCHziicHzCH=CHz
THF refl.
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It is more interesting that a RhCl (PPh.*) 3-PdCl2 
system is able to catalyze N-cycl izat i on: 2SSto
CRhl-CPdD 
CO Hi»0
R R
or + RCH^CHO
This process was carried out under 70 atm o-f CO at room 
temperature producing 437. o-f this product.
The progress mentioned above has provided the impe­
tus encouragement to this present study o-f two series o-f 
palladium-silver and pal1adium-rhodium heterodinuclear 
comp1exes.
So -far, two series o-f bis-dppm bridged palladium- 
silver and pal 1adium-rhodium heterodinuclear complexes 
have been prepared. The crystal structure o-f a palladium- 
silver complex has been determined by single crystal 
X-ray di-f-fraction experiment. The 3 lP-ClH 3- nmr 
spectra o-f these complexes have been analyzed by 
computer simulation with the PANIC program supplied by 
Bruker in the IBM NR/100 spectrometer. From the experi­
mental and theoretical results, use-ful conclusions have 
been reached.
SECTION <II> 
EXPERIMENTAL
I. General Comments
Elementary analyses were performed by Galbraith 
Laboratories, Knoxville, Tennessee, or by MicAnal,Tucson, 
Arizona. All proton, carbon-13, and phosphorus-31 nmr 
spectra were recorded in CDC13 solutions on an IBM 
NR/100 spectrometer ( 100 MHz ), or a Bruker WP 200 FT 
spectrometer ( 200 MHz ). Tetramethylsi 1ane was used as 
the internal reference (0.00 ppm) for proton nmr spectra. 
For carbon-13 nmr spectra, the middle peak of the CDC1-. 
triplet was used as the reference peak ( 77.0 ppm ). When 
recording phosphorus nmr spectra, the spectrometer was 
operated with a broad band proton decoupler, and H.3PCL*
( 857. ) was used as an external reference. Most phos­
phorus nmr spectra were taken on the IBM NR/100 spectro­
meter at the frequency of 40.534 MHz. A few phosphorus 
spectra were taken on the Bruker WP 200 FT spectrometer 
at a higher magnetic field and at the frequency of 81.015 
MHz. Infrared spectra were recorded on a Perkin Elmer 
IR 621 or 283B grating spectrophotometer. The X-ray 
crystal structure analyses were performed by Dr. Frank R. 
Fronczek on an Enraf-Nonius CAD4 automatic diffractometer.
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All chemicals used were o-f reagent grade or better. 
The solvents were dried over molecular sieves and deoxy­
genated with dry nitrogen gas. Bis(diphenylphosphino)- 
methane and 1,2-bis <diphenylphosphino)ethane were purchas­
ed -from Aldrich Chemical Company; sodium tetrachloropal1a- 
date(II) -from Engelhard; rhodium trichloride trihydate 
■from Matthey Bi shop or from Engelhard. Most reactions were 
carried out under a nitrogen atmosphere unless otherwise 
indicated in some experiments.
II. Syntheses and Reactions
1) trans-(NC)^Pd(dppm)z
This compound has been prepared several times by a 
1iterature method 26 with some modification; that is, it 
was made in a "one-pot" synthesis with rather high yields 
( 85-96% , based on Pd ). A solution of bis(diphenylphos­
phino) methane ( 2.307 g, 6.00 mmol ) in CH2C12 < 30 ml ) 
was added to a solution of Na^PdCl^ ( 0.883 g, 3.00 mmol) 
in 30 ml of methanol, forming a red solution which was 
stirred at room temperature <25 °C) for 30 minutes. Then 
to the red solution was added a solution of NaCN ( 0.032 
g, 6.1 mmol) in 15 ml of methanol. The color of the react­
ion solution became pale yellow. Stirring was continued 
for 8 hours to completely convert the cis isomer to the 
trans product. The solvent of the solution was removed
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under reduced pressure using a rotatory evaporator until 
the volume was reduced to ca. 10 ml. During evaporation, 
some crystal 1ine precipitate formed. To the mixture was 
added 20 ml of methanol which produced more precipitate. 
The product was fi1tered, washed with water, then with 
methanol, and dried in vacuo. The product was purified by 
recrystal 1i2ation from di chioromethane and methanol. 
Finally, 2.6 g of well crystal 1ized colorless product 
was obtained.
2 ) trans-(NC)2Pd(dppm)2Ag(0N0 )
Under a nitrogen atmosphere, a suspension of AgN02 
( 61.5 mg, 0.40 mmol ) in a solution of trans-(NC)zPd- 
(dppm)2 ( 0.317 g, 0.40 mmol ) in 25 ml of dichioromethane 
was stirred at 25 °C for eight hours. All of the suspens­
ion of added si 1ver nitrite dissolved. The sol vent was 
removed under reduced pressure until the volume was ca. 
4 ml. Then addition of 15 ml of methanol gave the color­
less crystal 1ine product. Filtration, recrystal1ization 
from dichioromethane and methanol, and drying gave 0.351 
g of the desired product (yield, 61%). Some single cryst­
als were suitable for an X-ray diffraction determination. 
Anal. Calculated for Pd AgCeszH^^N^OzP^: C, 57.77; H, 4 .10; 
N, 3.89 . Found: C, 59.18; H,4.18; N, 3.69. The impurity 
was a smal1 amount of the starting material, as deter—  
mined from the nmr spectrum of the compound.
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3) trans-(NC)zPd(dppm)2Ag(0N0Z ) and 
trans-(NO 2Pd(dppm)2Ag(OOCCH3 )
These two complexes were prepared by a similar 
procedure to that above using si 1ver nitrate or silver 
acetate instead o-f si 1 ver nitrite, respectively. The 
nitrate complex consists of bright white crystals ( Yield, 
58 % ) The acetate complex is an off-white powder ( Yield, 
83 % ) These are less soluble in CDC13 than the nitrite 
analogue. Analysis: Calculated -for PdAgCs=!H^^N3n3p„. q
56.92; H, 4.04; N, 3.83. Found: C,57.20; H, 3.99; N, 3.79. 
Calculated -for PdAgCB*hU^Nz02P^: c, 59.27; H, 4.33; N, 
2.56. Found: C, 57.96; H, 4.16; N, 2.51.
4) trans-(NC)zPd(dppm)zAg(00CH)
This compound was prepared -from the nitrate analogue. 
To a suspension of trans-(NC)2Pd(dppm)2Ag0N02 ( 15 mg, 
0.014 mmol) in 5 ml of di chioromethane was added one drop 
( ca. 0.05 ml ) of formi c acid ( 88% ). All added sol id 
starting material dissolved immediately. The resulting 
solution was shaken and washed with water three times. 
The di chioromethane layer was separated and evaporated to 
dryness. The white microcrystaline product ( 13 mg, 0.012 
mmol ) was obtained. Yield, 86% . Anal. Calculated for
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PdAgC=3H^sN20=p^: C , 58.93; H, 4.20; N, 2.59 . Founds C, 
56.54; H, 3.91; N, 2.63 . An impurity is a phosphorus-
containing compound which gives a phosphorus nmr signal
at 471.7 Hz ( = 11.6 ppm ), ( See Figure 9 ) and has not
been identified.
5) CRhCl(cod)
This compound was prepared according to a published 
method 27. Under a nitrogen atmosphere, a mixture of 1.00 
g (3.80 mmol) of rhodium trichloride trihydrate, 17 ml of 
95 7. ethanol, 8.5 ml of water, and 1.5 ml ( 12 mmol > of 
1,5-cyclooctadiene was heated to reflux with stirring for 
18 hours, during which time the product precipitated as 
a yellow sol id. The mixture was cooled and filtered. The 
product was washed with hexane and then with methanol- 
water, and dried in vacuo. Yield, 0.80 g < 90 7. ).
6) ttrans-(NC)2Pd(dppm)2RhCl
Under a ni trogen atmosphere, to a sol id mixture of 
trans- (NC) zPd (dppm) =. (92.7 mg, 0.10 mmol) and ERhCl (cod)
( 24.7 mg, 0.05 mmol ) was added 15 ml of dichioromethane 
forming a red solution which was stirred at 25 °C for one 
hour. The solvent was removed under reduced pressure in a 
rotatory evaporator unti1 the volume was about 5 ml. Then 
the solution was passed through an alumina column using 
dichioromethane as the eluent. Three fractions were
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collected. After removal o-f all solvent and drying in 
vacuo, the first fraction gave 44.7 mg of the desired 
product( Yield, 40% ). The second fraction contained both 
the desired product and Ph2P (0)CH2P (0 )Ph2 , in about 1:1 
molar ratio. The latter was identified by nmr and X-ray 
crystallography. The major component of the third frac­
tion ( 20 mg ) has not been identified so far.
7) Reactions of E R h C l ( c o d ) w i t h  PPh3 , PPh2 (Tol-p),
P(Tol-p>3 , and dppe
In an nmr tube < o.d.= 5 mm ) was piaced a sol id 
mixture of E R h C l ( c o d ) ( 24.7 mg, 0.05 mmol ) and PPh3 
( 26.2 mg, 0.10 mmol ), and to the tube was added 0.3 ml 
of CDC13 , forming a red solution. The lH, 13C--C aH > and 
31P--C *H > nmr spectra of the solution were taken. These
reactions resulted in the formation of new mononuclear
rhodium complexes according to the nmr spectra.
To a mixture of CRhCl(cod)32 ( 9.9 mg, 0.020 mmol )
and dppe ( 15.9 mg, 0.040 mmol ) in an nmr tube ( o.d.=
5 mm) was added 0.3 ml of CDC13 producing a red solution.
From its 1H, 31P-C lH >, and lH > nmr spectra, it
appears that this reaction gave a homodinuclear rhodium 
complex with two chelating dppe groups.
The reactions of CRhCl(cod)32 separately with
PPh2 (Tol-p) and with P(Tol-p)3 were carried out in
the same way as described above with PPh3 and dppe.
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8 ) trans-(NC)zPd(dppm)zRhClP(OEt)3
This pal1adium-rhodium heterodinuclear complex was 
prepared by two methods.
Method A
Under a nitrogen atmosphere to a dark red solution
of Ct— (NC)2»Pd (dppm)zRhCl which had been freshly prep­
ared -from 18 mg ( 0.020 mmol ) o-f t- (NC) 2Pd (dppm) z and
4.9 mg (0.010 mmol) o-f ERhCl (cod) 12 in 0.3 ml o-f CDC1S , 
was added a solution o-f triethylphosphite ( 3.3 mg, 
0.020 mmol ) in 0.3 ml o-f COCI3. This reaction gave a 
clear red solution immediately. Then XH, 31p-{ *h 3-, 
and a3C-< lH ]? nmr spectra o-f the solution were taken. 
Finally, the solution was passed through an alumina 
column using dichioromethane as the eluent. After the 
column chromatographic separation and drying in vacuo,
11 mg of the orange powder product was obtained 
( yield, 40 7. ).
Method B
To the red solution formed by the reaction of 
E R h C l ( C O D ) (12.3 mg, 0.025 mmol) and P(0Et)3 (8.3 mg,
0.050 mmol) in 0.3 ml of CDCI3 in an nmr tube ( o.d. = 5 
mm ) was added a colorless solution of t-(NC)2Pd(dppm)2 
( 46.4 mg, 0.050 mmol ) in 0.25 ml of CDCI3. The tube 
was shaken frequently. After one day, the aH, 13EC { ‘H },
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and 31P-{ *H J nmr spectra were recorded and then this 
solution passed through an alumina column using dichloro- 
methane as the eluent. After the column chromatographic 
separation and drying in vacuo, 9.5 mg ( 0.007 mmol ) of 
the desired product was obtained. The yield was ca. 30 %.
9) trans-(NC)3Pd(dppm)zRhCl(OPh)3 
trans-(NO 2Pd(dppm)zRhClPPh2 <0Me) 
trans- (NC) 2Pd (dppm) jzRhCl if—pi col i ne)
These three complexes were prepared by a procedure 
similar to Method B described above for t— (NC)2Pd(dppm)2- 
RhClP(0Et)3 , using triphenylphosphite, methoxydiphenyl- 
phophine, or y-picoline instead of triethylphosphite, 
and the yields were 24, 29, and 17 7. , respectively.
10) trans-(NC)zPd(dppm)zRhClPPh3 
trans-(NC)zPd(dppm)zRhClP(Tol-p)3 
trans-(NC)2Pd(dppm)zRhClPPh2 (Tol-p)
Similarly, the triphenylphosphine complex was pre­
pared by both Methods A and B with yields of 75 and 52 
respectively. Also the tritolylphosphine complex was pre­
pared by both Methods A and B with 77 and 57 7. yields, 
respectively. The diphenyltolylphosphine complex was pre­
pared by Method B only ( yield, 63 % ).
SECTION < 111> 
RESULTS AND DISCUSSION
I. trans-(NC)2Pd(dppm)e
This starting material is readily prepared in high 
yield by treatment o-f sodium tetrachloropal 1 adate (11) with 
two equivalents o-f bis- (diphenylphosphino)methane and two 
equivalents o-f sodium cyanide in "one pot". The product, 
trans— (NC) 2Pd (dppm) e, was recrystal 1 ized -from CHzC1e 
and methanol, producing colorless crystals suitable for X- 
ray diffraction determination. Its molecular structure is 
shown in Figure 1. The structural data are listed in the 
Appendix. ( See page 179. ) This compound (in KBr pellet)
shows a sharp infrared absorption band at 2122 cm-1 
due to the stretching vibration of the two trans cyanide 
groups. In CDC13 solution the proton nmr spectrum of this 
compound shows a slightly broad resonance at 3.55 ppm due 
to the four methylene protons and a complicated multiplet 
in the range of 7.0 to 7.7 ppm due to the 40 phenyl 
protons. The two methylene carbon atoms show a resonance 
at 29.9 ppm. The ^ P - O H  > nmr spectrum shows one very 
broad band around -4.1 ppm ( W x^e = 130 Hz ) reflecting 
the very fluxional behavior of the molecule which is 
probably due to the rapid exchange in coordination posi­
tion between the coordinated phosphorus atom and the
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Figure 1. Molecular Structure of t-(NC) zPd (dppm>2
The crystals are monoclinic, space group P2»/n
a = 12.102(2) b = 9.997(2) c = 20.254(5)
fi « 93.80(2)° z = 2
R = 0.075 R„ = 0.095
based on 3535 observed reflections.
1
*
0
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uncoordinated phosphorus atom o-f the dppm ligand:
N SC-Pd-C =  N <===> N S C - P d - C S N
It was -found that i-f the reaction was stopped in a
relatively short period, 0.5 hours -for example, the
product was a mixture o-f the trans and cis isomers. The
latter, cis— (NC> 2P d ( d p p m ) h a s  two very sharp infrared 
absorption bands at 2128 and 2122 cm-1 due to the two cis 
cyanide groups. Fortunately, by extending the reaction 
time, the cis isomer may be completely converted to the 
thermodynamically more stable trans isomer, since that 
is the isomer o-f interest in this work.
II. Palladium-Silver Complexes
1) trans-(NC)zPd <dppm)zAg(0N0)
Treatment o-f trans- (NC) 2Pd (dppm) 2 with AgN0z gave a 
double dppm-bridged heterodimetal 1ic complex in a good 
yield. This compound was characterized by elemental analy­
sis, infrared, proton, carbon-13, and phosphorus-31 nmr
spectroscopies (see Tables 2 and 4), and by single crystal 
X-ray diffraction analysis. (See Figure 2 and Table 3.)
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Table
Z
ONO
OOCCH3
ODCH
ONO=
2 Selected ir, ‘H, 13C nmr data 
trans-(NC)zPd(dppm)zAg-Z 
where Z = ONO, ONOz , OOCCH3 ,
Ir data -for *H nmr data
0X0 anion -for PCH=P
cm-1 (•) ppm
1270 (v.st) 3.79
1218 (st br)
1575 (v.st br) 3.55
1402 (st) 1.69 (CH3)
1630 (med) 3.86
1383 (v.st)
1613 (med) 3.82
1382 (v.st br)
1338 (st br)
1318 (st br)
■for complexes
00CH.
13C nmr data 
■for PCHZP,... 
ppm
30.4 (PCHZP)
30.0 (PCHZP)
23.2 (CH3 )
177.3 (D=0)
30.2 (PCHzP)
164.9 (C=0)
30.4 (PCHzP)
* v.st = very strong; br = broad; med = medium.
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Figuro 2. Molocular Structure of 
trano-(NC)zPd(dppm)aAg(ONO)
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Table 3. Selected interatomic distances(A) and angles(°) 
■for trans-(NC)aPd(dppm)aAg(02N) with e.s.d.s in parentheses
Pd-Ag 3.2051(4)
Pd-Pl 2.316(1) 
Pd-P3 2.315(1) 
Pd-Cl 1.992(4) 
Pd-C2 2.007(4) 
Cl-Nl 1.142(6) 
C2-N2 1.133(5)
P1-C3 1.829(4)
P2-C3 1.851(4)
Ag-P2
Ag-P4
Ag-01
Ag-02
01-N3
02-N3
2.485(1)
2.482(1)
2.437(4)
2.609(4)
1.207(6)
1.243(7)
P3-C28 1.832(4)
P4-C28 1.846(4)
Pl-Pd-P3 176.26(4) 
PI-Pd-Cl 91.1(1)
PI—Pd-C2 89.2(1)
P3—Pd-Cl 91.1(1)
P3-Pd-C2 88.9(1) 
Cl-Pd-C2 173.2(2) 
Pd-Pl-C3 110.9(1) 
Pd-P3-C28 111.6(1) 
P1-C3-P2 113.4(2)
Pd-Cl-Nl 175.6(4) 
Pd-C2—N2 177.9(4)
P2-Ag-P4 134.34(4) 
P2-Ag-01 114.5(1) 
P2-Ag—02 105.01(9) 
P4-Ag—01 111.1(1) 
P4-Ag-02 106.2(1) 
01-Ag-02 48.4(1)
Ag-P2—C3 117.9(1) 
Ag-P4-C28 117.0(2) 
P3-C28-P4 111.7(2) 
Ag—01—N3 102.8(3) 
01-N3-02 115.7(4)
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a) Spectroscopic Analysis
The infrared spectrum o-f the solid complex in a KBr 
pellet shows a very sharp absorption band at ca. 2120 cm-1 
due to the two trans cyanide groups. There are two very 
strong bands at 1270 and 1218 cm-1, attributable to the 
nitrite group stretching vibrations. In general the
two N-0 stretching -frequencies are -found in the ranges o-f 
1400-1500 cm-1 -for SvS=0 and o-f 1000-1100 cm"1 -for N-0. 
Thus, in this pal1 adium-si1ver complex the N=0 bond has 
been weakened, and the the N-0 bond has been strengthened 
markedly. The chemical shift of the four methylene protons 
of the bridging dppm 1igands has moved from 3.55 ppm to 
3.79 ppm, and the resonance has become broadened by compa­
rison with the starting palladium complex in which the 
correspondi ng chemi cal shift was 3.55 ppm. The resonance 
of the methylene carbon atom has moved from 29.9 ppm 
to 30.4 ppm.( See Table 2. > These changes in chemical 
shifts reflect that electron density redistribution has 
occurred during the formation of the heterodi metallie 
complex. Chemical shifts of the phosphorus atoms in the 
dppm 1igand are sensitive to the coordination situation.
( see Table 4 ). The 31P nmr spectrum of thi s heterodi — 
metallic complex ( Figure 3 ) shows three groups of peaks, 
and their area ratios are 2:1:1. The resonances around
19.9 ppm are due to the two phosphorus atoms bonded to the
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Figure 3. 31P - O H  > Nmr spectrum of 
trans-(NC)=Pd(dppm)2Ag(ONO) <SF = 40.534 MHz)
> The broad band around —3 ppm is due to the starting 
material, trans-<NC>=Pd<dppm)
SF : spectrometer frequency
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Table 4 31P NMR data -for trans- CNC) 2Pd (dppm) 2Ag-Z *
Z ONO OOCCH*
Chemical Shift in Hz ( in ppm )
Pi P.3
P=> P.
806.0
(19,88)
-270.5
(-6 .66)
Coupling Constant in Hz
1 1=3 
Jp1P2 >1P3P4 
J  F= 1  F »-9 J p Z P 3  
J P2P4
J p IAO J p SA q
:
JpAAg :
Jp2Ag 1 OS'
J f=-
1 1 0 7  1
I1 03 -7
0 9  "I
1 OS' /
I P A g 1 0 9
290
86.5
6.7
65
2.3
414.0
476.5 
1.1498
794.5
(19.61)
-244.5
(-6.07)
290
80.5
15.0
65
2.5
425.5
489.0 
1.1492
OOCH
803.0
(19.81)
-180.0
(-4.44)
290
72.5
15.5 
65
2.5
456 
524 
1.1491
P A g  1  0 3
a These complexes are
Ph2P* PzPhz
1 ,CN \
Ag-Z
NC | /
Ph2P3 P+Ph2
0N0Z
803.5
(19.82)
-168.0 
(-4.14)
290
72.0
16.0 
65
2.5
459 
528 
1.1503
where Z = ONO, 00CCH3, OOCH, 0N0Z
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palladium atom. The resonances o-f the other two phosphorus 
atoms bonded to the silver atom are split by the silver 
nucleus, which has a nuclear spin number o-f 1/2, into two 
groups around -1.2 and -12.2 ppm. Because silver has 
two isotopes 107Ag, 51.82*/., and 10<i,Ag, 48.187., the
situation becomes rather complex to directly measure the 
coupling constants -from the 31P nmr spectrum o-f the mixed 
isomers. However, these coupling constants can be -found by 
spectrum simulation using the PANIC program given in the 
IBM NR/100 nmr spectrometer. ( See Table 4 and text below
under III.)
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b) The Molecular Structure
The X-ray diffraction experiment was performed by 
Dr. F.R.Fronczek of the Chemistry Department, Louisiana 
State University. The single crystal used was colorless 
and monoclinic with a = 14.745(2) A, b = 19.208(7) A, 
c = 17.486(6) A, = 94.99(2)°, Z = 4, space group 
P2i/c. The structure, based on 8673 reflections, has 
been refined to R = 0.032, and R„ = 0.035, and is shown 
in Figure 2.
The molecular structure, as well as the atom 
numbering scheme, is shown in Figure 2. The important 
interatomic distances and angles are given in Table 3. 
Fractional coordinates of non-hydrogen atoms in the 
molecules are given in the Appendix ( page 157 ). Also 
the assigned coordinates of the hydrogen atoms, aniso­
tropic thermal parameters, least-square planes, and 
dihedral angles are all given in the Appendix.
In the molecule, the palladium and silver centers
are bridged with two dppm ligands. The Pd-Ag distance 
o
( 3.2051 A ) is quite long by comparison with the sum of 
the two ionic radii31! 0.78 A for Pd2- and 1.16 A for 
Ag^ so that, not unexpectedly, their interaction seems 
to be rather weak. However, this distance is comparable
o
to and shorter than 3.30 A —  the sum of the two van der 
Waals radiiSzs 1.60 A for Pd and 1.70 A for Ag.
In the molecule, the palladium center has an approx­
imately square planar geometry. The two phosphorus atoms 
are trans to one another ( P-Pd-P angle is 176.22° ) 
as are the two cyanide groups trans to one another 
< C-Pd-C angle is 173.2° ). The Pd-P distances ( 2.316 
and 2.315 A) fall into the range ( 2.295 to 2.372 A ) of 
Pd-P distances for many known complexes containing Pd-P 
bonds trans to another Pd-P unit 33. For other dimetallie 
compounds, whose structures have been determined, such as 
CIPd(dppm)2 (S02 )PdCl CIPd(dppm)2Pd<SnCl3 )
CIPd <dppm) 2 (CC (CF3 ) z ) PdCl =«*, CIPd (dppm) = (S) PdCl
and CIPd(dppm)^(I)PdCH3 3* , the average Pd-P distance 
o
is 2.327 A. 'In addition, the Pd-C distances < 1.992 and
2.007 A ) and C-N di stances ( 1.142 and 1.133 A ) also
correlate well with 1iterature values 30: 2.01 and 1.13 
0
A, respectively for" CPd<CN)*32_.
In the molecule, the si 1ver center has a severely 
distorted tetrahedral geometry with two phosphorus atoms 
from the two dppm 1igands and two oxygen atoms of the 
nitrite group at the four corners. The Ag-P distances 
( 2.485 and 2.482 A ) are in the range (2.358 to 2.630 A) 
of reported Ag-P distances for known silver phosphine
31
complexes! (Ph3P)zAg(OQNO)3*% (Ph3P)3Ag(OONO)*°,
<Ph3P)3AgCl41, CPh3PAg(ND3 ) , and the heterodimetal1ic
complex CC<5,F®) 3 (SC*H0 )Pt—Ag-PPh3*3 » The P-Ag-P angle
( 134.34°) is less than the P-Ag-P in <Ph3P)2Ag(OONO)3V,
but larger than that in tris(triphenylphosphine)si 1ver(I)
nitrate*0 or chloride*1. In the Pd-Ag nitrite complex,
the bidentate nitrite group in the silver moiety is
coordinated to the center with two distinctly different
o
Ag-0 di stances ( 2.437 and 2.609 A ). The O-N-O plane
is perpendicular to the P-Ag-P plane (the dihedral angle
is 86.87° ). The nitrito-si1ver bonds and the nitrite
o
structure ( the 0-N bond lengths, 1.207 and 1.243 A; the 
O-N-O angle, 115.7° ) are not unusual by comparison with 
the published data -for LiAg2 (N02 )3 jn which the
Ag-0 di stances are 2.379 and 2.565 A, the N-0 1.236 and
1.290 A, and the 0—N—0 angle 111.0 and 116.2°. However,
0
it is worth considering the difference (0.172 A) between 
the two Ag-0 bond lengths in the Pd-Ag complex. Perhaps, 
the reason is to help relieve some of the strain in the 
four— membered ring formed.
As regards the two bridging dppm 1igands, the P-C-P 
angles ( 113.4 and 111.7° ) fall into the range of P—C—P 
angles of known compounds having bridging dppm ligands. 
For example, in C(SCN)Ni(dppm)2 (C=CHz)Ni(NCS)3*®,the P-C-P 
angles are all 112.1°; in C(0C)3Mn(dppm)zPtHBr3BF^*^, the
33
2) trans-(NC)=Pd(dppm)zAg(0N0S )
Treatment of trans-(NOzPd(dppm)2 with silver nitrate 
produced this white crystalline heterodimetal lie complex, 
which was characterized by elemental analysis and spectro­
scopic evidence. The infrared spectrum of this compound in 
a KBr pellet shows a sharp absorption band at ca. 2120 
cm-1 due to the two trans cyanide groups. There are also 
three strong broad bands at ca. 1382, 1338, and 1318 cm-1, 
and a mediurn band at 1613 cm-1; all perhaps are due to the 
coordinated nitrate group. The nitrate group may have, at 
1 east, three possible modes of coordination to a metal 
center491 : unidentate, symmetrically and asymmetrically 
bidentate. Only based on ir data without benefit of X-ray 
diffraction results, no firm conclusion on how the nitrate 
is attached can be drawn =°-sl. In this case, like with 
the above nitrite analogue, an asymmetric bidentate mode 
is preferred. Thus, the 18-electron rule can apply to the 
si 1ver moiety of this compound, in which the previously 
known palladium moiety is a 16-electron species. The 
proton nmr spectrum of this dimetal lie complex shows a 
broad resonance at 3.82 ppm for the four methylene protons 
in the bridging dppm groups. This is lower by 0.27 ppm 
than the corresponding resonance of the starting material. 
The phosphorus nmr spectrum ( Figure 4 ) of this compound
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is similar to that -for the nitrite analogue, except that 
the chemical shifts of the two phosphorus atoms bonded to 
the silver center have moved to a relatively higher field 
( -4.16 ppm ), and that the higher field resonances are 
triplet-1ike rather than a foui— membered group of peaks 
becuase of the difference in coupling constants between 
the nitrate and the nitrite dimetallie complexes. Related 
coupling constants have been established by spectrum 
simulation analysis (Table 4). The one-bond P-Ag coupling
constant 1 is greater in the nitrate compound than
that for the nitrite analogue.
3) trans-(NC)2Pd(dppm)zAg(OOCCH*)
This pal1 adium-si1ver heterodinuclear compound was 
prepared from the reaction of trans-(NC)2Pd(dppm)2 with 
si 1ver acetate in dichloromethane at room temperature, and 
was characterized by elemental analysis and by ir and nmr 
spectroscopies. The ir spectrum of this complex shows a 
sharp absorption band at 2120 cm-1 due to the two cyanide 
groups. Two strong bands at ca. 1575 and 1402 cm-1 are due 
to the stretching vibrations of the acetate group in the 
molecule. The acetate 1igand may have at least three modes 
of coordi nati on to a metal center52: uni dentate, symmetri — 
cally and asymmetrical1y bidentate. So far it is difficult 
to say which binding mode is present without an X-ray
36
diffraction experiment. If the 18-electron rule is obeyed 
and a steric effect is considered, the chelating bidentate 
coordination mode is preferred. The proton nmr spectrum of 
this complex shows a complicated multipiet in the range of
6.9 to 8.1 ppm due to the 40 phenyl protons, a broad 
resonance around 3.80 ppm due to the four protons of the 
two methylene groups of the bridging dppm ligands, and a 
singlet at 2.17 ppm for the three protons in the methyl 
group of the coordinated acetate. The carbon-13 nmr 
spectrum of this complex shows a multiplet around 30.2 ppm 
assigned to the two methylene carbon atoms of the bridging 
dppm ligands, a singlet at 23.84 ppm due to the methyl 
carbon of the acetate, and a 1ow field resonance at 177.6 
ppm due to the carbonyl carbon of the acetate. The 3lPCHJ 
spectrum, Figure 5, of this complex consists of a triplet- 
like resonance at 19.6 ppm for the two phsphorus atoms 
bonded to the pal 1adiurn center and two multipiets at — 1.0 
and -11.5 ppm due to the other two phosphorus atoms bonded 
to the silver center. Related coupling constants have been 
found by spectrum simulation and are shown in Table 4. The 
one-bond coupling constant lJP_„g is larger than that of 
the nitrite analogue but smal1er than that of the nitrate 
analogue.
PP
M
3 7
Lftj rs CMfO CD in cv 10HCD Cl rsca Cl rs CD CD «»■rs
CD CD Cl caCl CD rs CM CN
CD IT ■a- s S v» «a •n
% » • ■ « i
S £1 CD H 1 Cs es rs tn
CS i
i I I I
T T T T T
Figure 5. =S1P-C1H > Nmr spectrum o-f 
trans-(NC)2Pd(dppm)zAg(OOCCH3) (SF = 40.534 MHz)
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4) trans- (NC) ~;Pd (dppm) ^ Ag (OOCH)
This complex was prepared •from the reaction of the 
nitrate analigue, trans-(NC)^Pd(dppm)2Ag(00N0), with formic 
acid. The displacement of nitrate by formate was almost 
quantitative. This new heterodimetal 1ic complex was also 
characterised primarily by microanalysis and ir and nmr 
spectroscopies. The ir spectrum (Figure 6) of the compound 
shows a sharp band at 2120 cm-1 due to the two trans 
cyanides bonded to the palladium center. Also a medium 
absorption band at 1630 cm-1 is due to the asymmetric 
stretching of the formate group, and a strong and broad 
band at 1383 cm-1 is due to the symmetric stretching of the 
formate “’v The proton nmr spectrum of this palladium- 
silver formate compound shows a broad resonance at 3.86 
ppm due to the four methylene protons of the bridging 
dppm ligands and a complicated multiplet in the range of
6.9 to 8.2 ppm due to the 40 phenyl protons of the same 
dppm ligands. It is uncertain about where the nmr signal 
is of the one proton of the formate. If this signal is at 
ca. 8.1 ppm, as it is for HCOONa this signal could
easily be covered over and obscurred by the big multiplet 
of the 40 aromatic protons. ( See Figures 7 and 8.)
The l3C nmr spectrum of this complex shows a broad 
band at 30.2 ppm due to the two methylene carbon atoms of
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the dppm ligands”55 and a singlet at 164.9 ppm due to the 
■formate carbon atom”'1’. The phosphorus nmr spectrum o-f this 
compound is similar to that o-f the acetate and nitrate 
analogue complexes, but its 1JP,_(Qla coupling constant is 
larger than that of the acetate and smaller than that o-f 
the nitrate analogue. ( See Table 4 ) Based on ir and 
nmr spectra, this complex is tentatively assigned as 
the -following structure :
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These -four palladium-silver binuclear complexes have 
some common -features. They have the same palladium moiety 
with a square planar geometry in which the palladium center 
is a coordinatively unsaturated 16-electron species. They 
have the almost same si 1ver moiety with a severely distort­
ed tetrahedral geometry, in which the oxo anion may be an 
asymmetrically bidentate ligand®7, bonded to the Ag center
with a rather small 0—Ag—0 angle < < 50°) and a rather 1ong
o
Ag-0 distance ( ca. 2.60 A ). I-f this is true, the f our- 
membered ring must have a strain which would promote the 
ring to open and -form a second coordi natively un saturated 
16-electron center in the same molecule. Therefore, these 
pal1adium-si1ver complexes may be rather reactive. Actually, 
transmetal1ization on this kind of si 1ver species has been 
discovered ®°, in which the si 1ver moiety may be displaced 
by other transition metal species, such as C R h C l ( C O ) f o r  
example, to produce new heterodimetallie complexes.
A1though these four palladium si 1ver dimetallie 
complexes have a lot of the same features, they can be 
differentiated by phosphorus nmr spectroscopy. They have 
remarkably different phosphorus chemical shifts and Ag-P 
coupling constants. These details will be discussed next.
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111. 31P O H  5 NMR Spectrum Simulation Analysis
Phosphorus nmr data are important -for studies o-f metal 
phosphorus complexes. Chemical shi-fts and coupling constants 
provide a great deal of information concerning the structure 
and bonding of the molecule studied ®'5'. The 31P chemical 
shif has a large range of ca. 200 ppm and is very sensitive 
to the electron density surrounding the phosphorus atom. The 
coupling of two nuclei depends upon the electron density at 
each nucleus in the bond(s), and in particular depends 
on the fraction of s character. Since s electrons, but not 
p or d electrons, penetrate to the central nucleus, only 
s electrons are responsible for transmitting information 
about the orientation of the magnetic moment of one nucleus 
to another '7"z. The coupl i ng may al so occur vi a the orbital 
motions of the valence electrons®'5'. Thus finding coupling 
constants is important for studies of metal phosphorus 
complexes. When a phosphorus-contai ni ng complex undergoes 
some chemical transformation, the molecule will show some 
changes in its phosphorus nmr parameters. It has been 
discovered that phosphorus nmr spectroscopy is a valuable 
tool for structural and kinetic studies of metal—phosphorus 
complexes “7,<.o-64>
The 3lP O H  > nmr spectra of the four pal1adium-si1ver 
complexes are shown in Figures 3,4,5,and 9. They are grossly 
similar to one another, but different in detail.
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The spectrum of trans-(NC)aPd(dppm)2Ag(0N0) has three 
groups of resonance 1ines with the area ratios of 2:1:1. The 
16 lines in the high field portion stem from the two 
phosphorus atoms bonded to the si 1ver center, which has a 
nuclear spin quantum number of 1/2 and causes the resonances 
to split into two groups. The four resonance 1ines in the 
low field portion stem from the two phosphorus atoms bonded 
to the palladium center, which does not cause splitting. It 
is possible to roughly measure the chemical shifts for each 
phosphorus atom in the molecule from the spectrum. But it is 
difficult to find coupling constants for al1 P-P and P-Ag 
couplings. The reason is that silver has two isotopes
*°7Aq : 51.82'/.; 1 = 1/2; >'=-1.0829; relative receptivity=0. 197 
10**Ag: 48.18%; 1 = 1/2; /=-i.2449; relative receptivity=0.276
In addition, the los'Ag isotope has a 1 arger coupling cons­
tant ( ca. 460 Hz ) with the phosphorus atom than that for 
10,,Ag—P ( ca. 400 Hz) Thus the situation becomes rather 
complicated. It is very clear that this complex contains 
two isotope isomers:
trans-(NO2Pd(dppm)z 10^Ag(0N0) 
and trans- (NC) 2Pd (dppm) 2 los’Ag (0N0)
Each of the isomers has an AA’BB’X type of spectrum; and 
the experimental spectrum is the sum :
AA’BB’X + AA’BB’X’
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In order to -find various P-P and P-Ag coupling 
constants, the Bruker PANIC ( Parameter Adjustment in NMR by 
Iteration Calculation ) program bui11 into the IBM NR/100 
NMR spectrometer has been used. The PANIC program requires 
input o-f parameters o-f assumed chemical shi-fts and coupl ing 
constants -for al 1 nmr active nuclei in the molecule of 
interest. For each set of parameters supplied, the computer 
will give a calculated spectrum. By comparison with the 
experimental spectrum, these parameters may be adjusted 
iteratively unti1 a good spectrum has been obtained.
For a five nuclei system of AA’BB'X, the theoretical 
spectrum may have 24 resonance 1ines for the two A and two B 
nuclei ( also, at least, nine 1 ines for the X nucleus )A<!» if 
the instrument has a high enough resolution. For the time 
being, the PANIC program is not able to handle systems 
containing more than nine active nuclei. Thus, the calcula­
tion was performed separately on each isotope isomer to 
obtain an individual spectrum. Then addition of the two 
calculated spectra gave the total theoretical spectrum.
At the beginning of the calculation upon the following 
molecular model with the phosphorus numbering scheme shown,
NC | /
ig(OON)
PhzP^ *P^Phz
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it was assumed that the phosphorus atoms P x and Ps bound 
to the palladium have the chemical shi-ft o-f 20.0 ppm (811 
Hz ) roughly measured -from the experimental spectrum; the 
phosphrus atoms P2 and P„ bonded to the silver have the 
the chemical shi-ft o-f -6.66 ppm (-267 Hz); the si 1 ver has 
the chemical shi-ft o-f —75 ppm (—3000 Hz); and the coupl ing
constant 1JF, _ = 400 Hz and lJp-floio<? = 460 Hz. Also 
the other coupling constants have some smal1 positive 
values. Based on this set o-f parameters, the program 
calculation gave a theoretical spectrum.
After several adjustments of these parameters, it was 
found that al1 calculated positions of the resonance 1ines 
were very sensitive to the assumed chemical shifts and the 
values of Jpi-p2 , Jp3-P4, Jf=>2-«0 , and JPs-ft0)
but less sensitive to JP i-P3 and Jp2_p4 . On the other hand, 
the calculated relative intensities were dependent on al1 
parameters. After more than 15 different parameter adjust­
ments, the final calculated spectrum of this palladium- 
si1ver dinuclear complex was obtained. It is shown in
Figure 9 , in which the calculated spectrum for the 10,*Ag
i somer i s on the top, the cal cul ated spectrum for the 1°'7'Ag
isomer is at the middle, and their sum is shown on the
bottom. The final parameters, upon which the satisfactory 
theoretical spectrum was calculated, are 1isted in Table 4.
A comparison of calculated and experimental values can be 
seen in Table 5.
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Table 5. Comparison of simulated and experimental 
3lP-{1H J nmr lines o-f trans- CNC) aPd (dppm) 2Aq (0N0)
( SF* = 40.534 MHz )
Calculated positions Experimental positions
o-f resonance lines o-f resonance lines
in Hz in Hz ( ppm )
Px 854.130 853.470 (21.06)
& 813.069 813.122 (20.06)
p. 801.654 801.736 (19.78)
760.679 761.661 (18.79)
11.734 12.526 ( 0.31)
p2 -19.141 -19.617 (-0.48)
& -28.955 - «
p* -40.563 -39.270 (-0.79)
-60.422 -59.987 (-1.48)
-71.645 -73.843 (-1.82)
-82.181 _  m
-112.038 -113.826 (-2.81)
-432.494 -431.516 (-10.65)
-463.583 -463.554 (-11.44)
-473.466
-484.792 -483.637 (-11.93)
-504.924 -504.407 (-12.44)
-515.909 -515.240 (-12.71)
-526.177 -524.820 (-12.95)
-556.769 -557.210 (-13.75)
SF = the spectrometer frequency.
* These -freqencies were omitted in the spectrum.
From these comparable data, the agreement between the calcu­
lated and the experimental spectrum is obvious. There are 
also some minor deviations in the calculated spectrum.
The rationality o-f the calculated 1Jp _a 0 coupling cons­
tants may be confirmed by the following fact. For one-bond 
couplings, the contribution of s electron density between 
the two directly bonded nuclei is dominant over the spin- 
dipolar and spin-orbital contributions. Theoretically, the
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coupling constant is given by ^
o c c  u rv o cc
> > «  = I  1  ‘ n i a " V  i < v  (n i < 5 ( r B)
i  i  i -* i
where (& is the Bohr magneton and /  is the nuclear magneto- 
gyric ratio. The terms in the summation involve the intei—  
action o-f the triplet excited state with the singlet ground 
state evaluated at the nuclei A and B. Based on this 
-for mul a, there exists a certain relation between di-f-ferent 
isotope coupling constants in the exact same situation. For 
this case, the summation is the same -for both o-f the 107Ag 
los>Ag i somers o-f the Pd-Ag nitrite complex. Then 
1Jp—Agio"? i os' —1.2449
1Jp-ftgl07 ^*0 107 — 1.0829
where the two magnetogyric ratios (-1.2449 and -1.0829 in 
multiples o-f <eh> (4TCM^,c)-x ) are -found in the 1 itera— 
ture6B. Thi s ratio o-f coupl ing constants related to diff­
erent isotopes in the same molecule may be used to exam­
ine the results of the spectrum simulation. The ratios 
(1isted in the last 1ine of Table 4) of the found values 
of lJP-floio9 and Mp-ooloy satisfy this ratio.
The validity of these coupling constants may also be 
established in another way. Using these coupling cons­
tants and doubling the chemical shifts, a new theoretical 
spectrum was calculated and is shown in Figure 11. This 
new spectrum also conforms to our experimental spectrum 
< Figure 10 > which was taken in a higher magnetic field
“T“24 —?? —r-*?o 10 T18 T “14 “T"I? 10 \ " >■ r 1 >' i"6 4 2 T-2
“T r~-•8 ~1  1 —-1 0 -1 2 -1 4
Figure 11. 31P-{*H > Nmr spectrum of
ui
trans-(NC)2Pd(dppm)2Ag(0N0) (SF * 81.015 MHz)
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o-f double strength on the Bruker WP 200 FT NMR spectro­
meter. The calculated and the experimental resonance 
lines are listed in Table 6.
Table 6. Comparison o-f simulated and experimental 
31P--C1H > nmr spectra o-f trans-(NC)2Pd(dppm)zAg(0N0) 
( SF* = 81.015 MHz )
Calculated positions Experimental positions
o-f resonance lines o-f resonance lines
in Hz in Hz ( ppm )
1660.27 1659.35 (20.48)
1658.45 1656.76 (20.45)
1618.32 1617.38 (19.96)
1606.32 1605.64 (19.82)
1567.02 1566.10 (19.33)
1565.04 1563.59 (19.30)
-257.75 -256.49 (-3.17)
-288.77 -288.58 (-3.56)
-298.20 —
-308.92 -308.59 (-3.81)
-328.42 -329.89 (-4.07)
-340.41 -340.91 (-4.21)
-351.02 -349.82 (-4.32)
-382.04 -382.47 (-4.72)
-702.47 -700.62 (-8.65)
-733.49 -732.78 (-9.04)
-742.33 -741.94 (-9.16)
-754.54 -754.09 (-9.31)
-773.02 -772.64 (-9.54)
-785.29 -783.58 (-9.67)
-795.73 -794.03 (-9.80)
-826.76 -825.70 (-10.19)
* SF = the spectrometer -frequency.
The agreement o-f the calculated spectrum with the experi­
mental spectrum is obvious. 0-f course, minor deviations can 
be seen. Here it is seen that the coupling constant is 
independent o-f the applied -field.
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For the other palladium-silver complexes, the PANIC 
simulation analyses have been done. The calculated 
31P— O H  J nmr spectra are shown in Figures 12, 13, and 
14. Coupling constants and chemical shifts are listed 
in Table 4.
The experimental spectra of the three palladium- 
silver complexes of nitrate, acetate, and formate, 
exhibit a triplet-like group of resonance lines in the 
low field ( or high frequency ) portion of the spectra 
which are due to the the two phosphorus atoms bonded to 
the palladium center, and exhibit another two groups of 
resonance lines in the high field ( or low frequency ) 
portion of the spectra which are due to the two 
phosphorus atoms bonded to the silver center, which is 
what causes the resonance line splitting. Because of 
the difference in the anion < nitrite, nitrate, acetate, 
or formate > attached to the silver center, the 
chemical environment and the electron density around 
the silver atom is different in each of these complexes. 
The different electronic environment causes a relatively 
large difference in the chemical shift of the phosphorus 
atoms in the silver moiety. The different electron 
density also causes a relatively large difference in 
the coupling constants of these phosphorus atoms with 
the silver atom. In contrast, the effect of the anion in
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the silver moiety upon the chemical shifts, as well as 
the coupling constants, o-f the phosphorus atoms in the 
palladium moiety in the same molecule is very small 
because the pal ladium moiety is distant -from the 
anion. As was done in the case o-f the pal 1 adium-si 1 ver 
ni tri te complex, by using assumed si mi lar values o-f 
chemical shifts and si milar values of coupling constants 
for the phosphorus atoms in the palladium moi ety, and 
assumed di fferent values of chemical shifts and 
di fferent values of coupling constants for the 
phosphorus atoms in the si 1ver moiety, and by several 
adjustments, the PANIC program gave the calculated 
theoretical spectra, in which the calculated positions
< in Hz ) of the resonance 1ines are comparable with the 
corresponding resonance 1ine positions of the experi­
mental spectra.
The reliabi1ity of the final adjusted coupling 
constants has been tested by the fol1owi ng operati on on 
the pal1adium-si1ver acetate complex. Using the set of 
coupling constants listed in Table 4 and doubling 
the assumed chemical shifts, a theoretical spectrum
< Figure 16 > was obtained. It can be seen that the 
calculated positions < in Hz ) of the resonance 1ines 
are very close to the corresponding positions of the 
experimental spectrum ( Figure 15 ). For a comparison, 
these two sets of resonance lines are listed in Table 7.
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Table 7. Comparison o-f simulated and experimental 
3lP-<lH 5 nmr lines o-f trans- (NC) 2Pd (dppm) 2Ag (OOCCH3 )
< The spectrometer -frequency SF = 81.015 MHz )
Calculated positions Experimental positi
o-f resonance lines o-f resonance line
in Hz in Hz < ppm )
Px 1631.6 1631.5 (25.39)
& 1587.6 1589.2 <20.14)
P3 1580.4 1579.5 (19.62)
1536.8 1538.1 (18.99)
Pz -195.7 -196.0 (-2.42)
& -227.8 -229.6 (-2.83)
P* -240.0 —
-246.7 -247.4 (-3.05)
-272.1 —
-278.8 —
-290.7 -288.8 (-3.56)
-322.7 -321.7 (-3.97)
-652.5 -652.2 (-8.05)
-684.5 -
-696.8 -693.2 (-8.55)
-703.5 -703.2 (-8.68)
-728.9 -727.2 (—8.98)
-735.6 -737.9 (-9.11)
-747.5 -744.6 (-9.19)
-779.5 -777.2 (-9.59)
The values of coupling constants listed in Table 4 are 
quite comparable with literature values. For example, -for 
the palladium-silver nitrate complex, 1Jp-a0 i07 = 459 Hz,
= 528 Hz, which are, respectively, very close to 
the published values o-f 461 and 536 Hz measured -from a -four—  
line 3lP--C1H > spectrum o-f a silver nitrate complex o-f a 
chelating biphosphine*5*®. Also these values are close to 
another 1Jp _a o i o 7, 470 Hz, measured -from a phosphorus nmr 
spectrum o-f bis(tri-p-tolylphosphine>silver nitrate*5***. The 
same value 470 Hz o-f has been -found -for a Ag-Ni—Ag
trinuclear complex'70.
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The values of chemical shifts listed in Table 4 are 
quite comparable with literature values. The chemical 
shift of the phosphorus atoms bonded to the palladium 
center in these complexes are ca. 000 Hz (or 20 ppm). The 
same value has been found by others'71.
From Table 4, the effect of the oxo anion bound to 
the silver center upon the chemical shifts of the two 
phosphorus atoms bonded to the same si 1ver and upon the 
1 coupl ing constants is very obvious.
The difference between the pal1 adium-si1ver nitrite 
and pal 1adium-si1ver nitrate complexes is reflected in 
their 31P nmr parameters. The chemical shift(-4.14 ppm) 
of the two phosphorus atoms bonded to the si 1ver in the 
ni trate complex is higher than the correspondi ng chemi cal 
shift (-6.66 ppm) in the nitrite complex, indicating that 
there is more electron density to shield these phosphorus 
atoms in the nitrite complex than that in the nitrate 
complex. This is expected si nee N03~ is a better 1i gand 
than NO*-. However, the ‘^ , 0 7  (459 Hz) of the nitrate 
complex is greater than the correspondi ng value (414 Hz) 
for the nitrite complex. The magnitude of a coupling 
constant of two nuclei depends on the effective nuclear 
charge and on the amount of s electron density between 
the coupled nuclei7'2 . According to the Slater’s rules'73 
and related improved rules7'*, the si 1 ver atom in each of 
these complexes has the same electron configuration, thus
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has the same effective nuclear charge. Accordingly, 
the above facts indicate that there is more s character 
of electron density in the P-Ag bond in the nitrate 
complex than in the nitrite complex. Therefore, it 
is realized that the additional oxygen atom in the 
ni trate complex only withdraws p electron densi ty from 
the silver moiety resulting in the increase of the s 
character of the P-Ag bonding electron density in the 
nitrate complex, and then resulting in the increase of 
the one-bond P-Ag coupling constant.
The difference between the palladium-silver acetate 
and the palladium-silver formate complexes is reflected 
in their phosphorus-31 nmr parameters . The chemical 
shift ( -6.07 ppm ) of the two phosphorus atoms bonded to 
the silver center in the acetate complex is less than the 
corresponding chemical shift (-4.44 ppm) for the formate 
complex indicating that the methyl group donates more 
electron density to the silver moiety to shield these 
phosphorus nuclei than does the hydrogen atom in the 
formate complex. On the other hand, the 10^
( 425 Hz ) for the acetate complex is less than that 
< 456 Hz ) for the formate complex. Therefore, one can 
say that the methyl group in the acetate complex donates 
electron density with great p character and but small s 
character to the silver moiety. Obviously, the hydrogen 
atom only donates s electron density.
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IV. Characterization and Reactions o-f CRhCl (cod)
1 > Characterization o-f CRhCl (cod)
Bi s <1,5-cyclooctadiene- -chlororhodium), CRhCl(cod) 
was essentially characterized by ir, *H, and l3C-C1H > 
nmr spectroscopies. The ir spectrum o-f this complex shows 
characteristic strong absorption bands at 819, 964, and
998 cm-1 ( KBr pel let ) in the -f ingerprint region as given 
in the 1 iterature7=. The l3C - £ s p e c t r u m  o-f this complex 
shows a singlet at 30. B8 ppm due to the -four methylene 
carbon atoms, and a doublet ( 78.91 and 78.36 ppm ) due to 
the -four ole-finic carbon atoms. The doublet is split by 
the rhodium atom which has a nuclear spin quantum number 
o-f 1/2, and lJRh_c = 14.0 Hz. These data are the same as 
reported in the 1iterature76.
As -for the proton nmr spectrum o-f this compound, the 
1 iterature ^ 0 , ^ - 7  records some chemical shi-fts without any 
coupling constants. Now new information has been obtained. 
Fi gures 17 to 21 show the resul ts o-f nmr ex per i men t s . 
A broad singlet at 4.23 ppm is due to the eight olefinic 
protons. A multipiet around 2.50 ppm is due to the eight 
equatorial protons which are in the direction o-f the 
olefin double-bonds, respectively. And another multiplet 
around 1.75 ppm is due to the axial protons which are away 
from the direction of the double-bonds. Some coupling 
constants have been estimated by partial decoupling
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experiments and spectrum simulation analysis. By irradia­
ting the olefin protons, the resonance signals of the 
olefin protons disappear, the equatorial and axial protons 
give two multipiets at 2.50 and 1.75 ppm, respectively. 
Based on this spectrum, a simulation analysis has been 
performed showing that the geminal = -13.3 Hz,
3 Jh«-h« = 13.5 Hz, 3Jm®— = 8.4 Hz, 3JH._H„ = 5.0 Hz, 
and zJRh_H < 1.0 Hz, where Ha is the axial proton, and 
He is the equatorial proton. By irridiating the equatorial 
protons, the resonance signals of the equatorial protons 
di sappear, the signals of the olefinic protons <HV ) become 
a broad doublet with space of ca. 3 Hz, which seems 1ikely 
to be the coupling constant, 2JRh-Hv, between the rhodiurn 
and the olefin proton in the double bond since 
and 3JHv-H«are small ( the dihedral angle between Hv-C and 
Ha-C is close to 90°.) On the other hand, the signals of 
the axial protons are rather complicated. By irridiating 
the axial protons, the signals of the axial protons 
disappear, the signals of the olefinic protons become 
a broad triplet with a 3-Hz space between two adjacent 
resonance lines indicating that 3JMv_w„ and are
all close to 3 Hz. On the other hand, the signals of the 
equatorial protons are a complicated broad triplet-like 
band. The assignment of these coupling constants was made 
tentatively, because the present PANIC program connot 
handle these nine-nucleus systems, since the computer has 
been shown the words: " not enough memory ".
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The molecular structure o-f CRhCl(cod)32 has been 
determined by others Each rhodium center has a square
planar configuration. The two rhodium atoms, the two 
bridging chlorine atoms, and the -four double-bond centers 
are coplanar.
Because o-f the ds square planar structure having 
two unoccupied coordination sites, this compound is rather 
reactive and can be used as a starting material to prepare 
other rhodi um-contai ni ng compounds 6,1. First, the
chloride bridge is rather weak and may be broken by attack­
ing ligands. Second, the Rh-cod bonds are also weak, and 
the chelating cyclooctadiene may be displaced by other 
1igands. If an incoming phosphine 1igand, L, attacks the 
rhodium center of the dimer, the following reaction may be 
anti cipated:
If the incoming 1igand is the strong chelating biphosphine, 
dppe, the coordinated cyclooctadiene may be removed:
These reactions can be followed by combined lH, l55C-f1H >, 
and 31P-{*h > nmr spectroscopies.
+ 2 L > 2
/“ A  
2 P P
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2) Reactions of CRhCl(cod)]2 with Phosphines
a) Reaction with two equivalents o-f triphenylphosphine
This reaction was conducted at 25°C in an nmr tube 
using CDC13 as the sol vent, and it gave a red solution.
The *H, 13C--ClH >, 31P-{1H > nmr spectra o-f this solution 
were taken. ( See Figures 22, 23, and 24. ) Based on these 
spectra, the structure o-f the monomer product has been 
assigned. In the *H nmr spectrum the characteristic 
resonance ( at 4.23 ppm ) o-f the starting rhodium dimer 
disappears. Two new broad resonances at 5.58 and 3.15 ppm 
appear. The 1atter is due to the two olefinic protons at 
the double bond trans to the chloride. The former is due 
to the olefinic protons at the other double bond which is 
trans to the triphenylphosphine. Strong evidence of the 
expected product comes from the l3C-€1H > nmr spectrum in 
which the characteristic peaks, a singlet (30.9 ppm) and a 
doublet (78.5 ppm), of the coordinated cyclooctadiene in 
the rhodium dimer disappear. A doublet at 70.89 and 70.34 
ppm is due to the two carbon atoms of the double bond 
trans to the chloride. Here *JRh_c = 13.77 Hz. A quartet 
( 105.37, 105.09, 104.90, and 104.60 ppm ) is due to the 
two carbon atoms of the other double bond trans to the 
triphenylphosphine, and the peaks are split by the rhodium
71
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and by the phosphorus atoms. zJRm-c = 12.06 Hz. SJP_C = 
7.26 Hz. The 31P-{*H > nmr spectrum of this red solution 
shows simply a doublet at 33.125 and 29.430 ppm, and the 
1 J  R h  — F* = 149.8 Hz. No characteristic signal o-f free tri- 
phenyl phosphine could be detected. Therefore, one can 
assume that the reaction was essentially quantitative.
b) Reactions with two equivalents of diphenyl-p-tolyl- 
phosphi ne or tri-p-tolylphosphi ne
These two reacti ons are very si milar to the above 
tri phenylphosphi ne case and were carri ed out in the same 
way. The results ( Figures 25 to 30 ) of the *H, 
and :S1P-C1H}- nmr experiments are listed in Table 8.
Table 8. XH and 3lP— {lH 3- Nmr data* for three 
phosphine complexes: C(cod)RhClLl
L PPh3 PPhz (Tol-p) P(Tol-p)3
Chem shift 5.582(s ) 5.570(s) 5.543(s)
of olefin
protons 3.152(s) 3.148(s) 3.140(s)
of cod
Chem shift 105.2(q) 105.0(m) 104.5(m)
of olefin
carbons 70.69(d) 70.61(d) 70.34(d)
of cod (J=22.1) (J=22.2) (J=22.7)
Chem shift
of phosph 31.28(d) 30.60(d) 29.21(d)
1JRh—P 149.8 148.0 150.5
a. Chemical shift, in ppm. Coupling constant, in Hz. 
s, singlet, d, doublet, q, quartet, m, multiplet.
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From Table 8, it is clear that there is a relation­
ship between the number of substitutions of the phenyl 
by para-tolyl and the chemical shift of the phosphorus, 
as well as the chemical shifts of the olefinic protons 
and carbons in the coordinated 1,5-cyclooctadiene. Each 
substitution of a phenyl by a p-tolyl results in the 
decrease by 0.7 ppm of the chemical shift of the 
phosphorus, and results in the decrease by ca.0.01 ppm 
of the chemi cal shi ft of the olefinic protons at the
double bond trans to the phosphine and in the decrease
by ca. 0.003 ppm of the olefinic protons at the double 
bond trans to the chloride; it also results in the 
decrease by about 0.2 ppm in chemical shifts of the
olefin carbons in the olefin phosphine rhodiurn complex.
These shifts to upfield can be understood because each 
methyl group can release some electron density to 
increase the magnetic shielding around the phosphorus, 
the protons, and the carbons. But since the increment of 
electron density is delivered through the ring and 
delocalized, the effect of the substitution of a phenyl 
by a p-tolyl upon the chemical shifts is smal1. But the 
effect upon the Rh-P coupling constant is not clear 
based on data from Table 8. Nevertheless, the increment 
of electron density by methyl group donation does not 
clearly raise the magnitude of the ‘Jr h -p coupling
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constant. This means that the s character, which deter­
mines the magnitude o-f the coupling constant, o-f the 
electron density between the rhodium and the phosphorus 
atoms does not increase detectably. Thus, as mentioned 
before, it is believed that the methyl group donates 
some electron density with p character but little or no 
s character.
8 3
c) Reaction with 1,2-bis(diphenylphosphino)ethane
+ 2  Ph2 PCHzCH=PPh= ----- >
O O O  *2 o
The *H, 31P-t 1HJ, and 13C--C *H> nmr spectra ( Figures 
31, 32, and 33,) o-f the red solution o-f the reaction o-f
[RhCl(cod) with 2 equivalents o-f dppe give substantial 
evidence of the presence of the two products shown. The 
31P-C1HJ nmr spectrum of the red solution shows only a 
doublet at 59.78 and 56.49 ppm indicating the two phos­
phorus atoms in the chelating dppe ligand are equivalent, 
and that they should be trans to the same kind of ligand, 
chloride. Here, 1JRh-P = 133.3 Hz. The proton nmr spectrum 
of the red solution shows the characteristic resonances for 
the free 1,5-cyclooctadiene. A broad singlet around 5.59 
ppm is due to the four protons at the two double bonds. 
Another broad singlet around 2.37 ppm is due to the eight 
equivalent methylene protons. The 13C - O H  J nmr spectrum of 
the red solution gives very clear evidence of the presence 
of the free 1,5-cyclooctadiene: two sharp singlets at 27.96 
and 128.53 ppm are the characteristic resonances of this 
free cyclodiene. The latter is due to the four carbon 
atoms of the two double bonds, the former is due to
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the ■four methylene carbon atoms in the COD molecule. 
A multiple! around 28.62 ppm is due to the four methylene 
carbon atoms in the two chelating dppe ligands. This 
resonance is split by the two phosphorus atoms and by one 
rhodium atom.
Between the starting reactants and the stable final 
products, there are some possible intermediates, such as
Obviously, these intermediates might be distinguished 
by the conjunction of 1H, 31P-{*H >, and l3C - O H  > nmr 
spectroscopies. However, these experiments have not been 
done since this research has only focused on the 
syntheses and characterization of new heterodinuclear 
metal complexes.
The result of this reaction indicates that the 
weakly coordinated 1,5-cyclooctadiene in this rhodium 
dimer complex can be readily displaced by other stronger 
phosphine ligands, and that the double chioro—bridge 
may remain unchanged if the ratio of P : Rh is less than 
or equal to one.
and
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d> Reaction with trans-(NOzPd(dppm)z
+ 2 P>
N
C
I
■P—  Pd— P'
I
C
N
P >  P" '
LCN \ /
Rh Pd
NC | /  ^ C K ^  \  NC^|
CN
P>
/ P>^
I^PN /  \
Pd Cl Cl
NC | \  /  NC
 ^ Rh\^ P
P
I yCN
higher polymers + 1,5-cyclooctadiene
where phenyl groups bonded to phosphorus atoms are omitted.
In this reaction,, trans-(NOzPd(dppm)z behaves as a 
bidentate ligand to displace the chelating cyclooctadiene 
in the CRhCl(cod)3Z molecule producing two tetranuclear, 
some polynuclear complexes and -free cyclooctadiene, which 
have been identified by infrared, *H, 13CC1H>, and 3lP-f1HJ 
nmr spectroscopies. In these products, each dppm molecule 
connects a palladium and a rhodium; the chloride bridges 
remain intact.
When a solid mixture of yellow CRhCl(cod)3Z and 2 
equivalents of colorless trans-(NC)zPd(dppm)z dissolved in 
deuterated chloroform were allowed to react, a dark red
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solution -formed immediately. Then the XH, 3XP-f*H}, and 
13C-flH J nmr spectra o-f the red solution Mere taken 
successively. < Figures 34, 35, 36 and 37. ) The infrared 
spectrum of the products shows a strong and slightly broad 
band at about 2120 cm-1 indicating the presence of the 
cyanide groups in the new complexes.
The *H and 13C— -C lHJ nmr spectra show cl ear evi dence 
of the presence of free 1,5-cyclooctadiene displaced from 
the starting rhodiurn complex, E R h C l ( c o d ) B y  comparison 
with the Sadtler standard spectrum of 1,5-cyclooctadiene, 
the broad singlet at 5.59 ppm is due to the four protons at 
the two C-C double bonds; the broad singlet at 2.37 ppm is 
due to the eight protons of the four methylene groups in 
the free 1,5-cyclooctadiene molecule. In the 13C-C1HJ nmr 
spectrum of the red solution, the resonance at 128.7 ppm is 
due to the four carbon atoms of the two double bonds; the 
resonance at 28.0 ppm is due to the four methylene carbon 
atoms in the same molecule.
The 31P - f n m r  spectrum, Figure 36, of the reaction 
solution shows the major products which have a triplet-1ike 
resonance around 7.5 ppm and a multiplet in the range of 17 
to 25 ppm. There are some by-products containing phosphorus 
atoms which correspond to other peaks in the spectrum. The 
major product has been purified by column chromatography.
< See the Experimental Section.) The 31P-ClHJ spectrum of 
the purified major product is shown in Figure 39. The tri-
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plet around 7.5 ppm is due to the two dppm phosphorus atoms 
bonded to the palladium center. This is just like the case 
o-f palladium-silver dinuclear complexes. The doublets o-f 
triplet around 22 ppm are due to the other two dppm 
phosphorus atoms bonded to the rhodium center which has a 
nuclear spin number o-f 1/2.
The 31P-<1H> nmr spectrum o-f the purified product has 
been analyzed by simulation with the PANIC program. It is 
assumed that i) the -following structures, with the phospho­
rus numbering scheme, are possible :
where, the phenyls are omitted -for clearness. The diffe­
rence between these isomers is that the first has eight- 
membered rings, the second has ten-membered rings. Their 
31P-{*H J nmr spectra may be similar to one another- 
ii) the chemical shifts are :
I ^CN \  ^Cl^ /  " | ^ C N
and
I ^CN
Pi and P3 : 310.0 Hz ( 7.65 ppm ) 
P= and P* s 913.5 Hz ( 22.54 ppm )
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Figure 38. Simulated 31P— t1H 1 nmr spectrum o-f
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iii> the coupling constants are :
Jf»*.—ps ~ 290 Hz —p4 — 76 Hz
2Jpj-pz = 2Jps-p4 = 75.4 Hz 
'^ pi-p'* = ^Jp2-ps = 14.6 Hz 
^Rh-pl ~ 4jRh-P3 — 0.6 Hz 
‘Jph-Pi: = 1 J R h __pi) s 109.5 Hz , 
iv) and the coupling constants between phosphorus atoms 
with another rhodium atom in the molecule are very 
small and may be neglected.
The PANIC program gives a calculated spectrum which is 
shown in Figure 38. From Figures 37 and 38, it may be seen 
that there is a good agreement between the experimental 
spectrum and the calculated spectrum for the palladium- 
rhodium tetranuclear complex. ( See Table 9. )
Table 9. Comparison o-f simulated and experimental 31P-f1H> 
nmr spectra of C t - ( N O zP d (dppm)zRhCl
Calculated positions Experimental positions
of resonance lines of resonance lines
i n Hz in Hz ( in ppm )
pz 1016.6 1016.6 ( 25.1 )
& 973.3 971.6 ( 24.0 )
p* 925.7 924.3 ( 22.8 )
908. 1 —
864.6 864.5 ( 21.3 )
816.5 817.1 < 20.2 )
p* 353. 1 352.4 ( 8.69 )
& 305.4 305.2 < 7.53 )
p3 262.0 260.3 ( 6.42 )
The foregoing coupling constants are comparable with 
literature values For square planar rhodium
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complexes with two phosphine ligands, the trans complexes 
have very high ZJPMP values ( -from 200 to 550 Hz ). In 
contrast, the cis complexes have low ZJPMP values < less 
than 40 Hz ). In these pal1adium-rhodium tetranuclear
complexes, since the 2JPPhP = 76 Hz, the two phosphine 
ligands are most likely in cis positions; but the P-Rh-P 
angle may be 1arger than 90°.
The ^ R h - p  ( = 109.5 Hz ) also -falls into the range 
o-f 100 to 130 Hz -for many known phosphine rhodium(I) 
chloride complexes se.
The pal 1adium—rhodiurn tetranuclear complexes are not 
very stable si nee the chi ori de bri dges are trans to the 
phosphine 1igand which possesses a relatively strong trans 
e-f-fect tending to labi 1 ize the chloride. It has been clear—  
1y observed in this work that the pal 1adium-rhodium tetra­
nucl ear complex in ei ther the sol id state or in solution 
is readi ly oxidized on contact with air, -forming a dppm
oxide, Ph2P(0>CHZP (0 )Ph2 , and other compounds which have 
not been identified so far. The molecular structure of
Ph2P(Q> CH2P (0)Ph2 determined here is shown in Figure 39. 
This compound has its own characteristic resonances: a
triplet at 3.67, 3.52, and 3.37 ppm in its lH nmr spectrum 
due to the two methylene protons (ZJPH= 6.0 Hz); a singlet 
at ca. 25 ppm in its 31P— £XH > nmr spectrum due to its 
phosphorus atoms. Now this oxide may readily be identified.
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Figure 39. Molecular structure o-f Ph=P (0)CHSP (□)Phz 
The crystals are triclinic, space group P T ,  
a = 9.262(2) b * 13.415(2) c = 19.772(4) A
= 73.67(2) /3 * 78.96(2) V  = 84.35(2),=»
Z = 4 R = 0.067 R„ = 0.107
based on 5791 observed reflections.
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V. Pal1adium-rhodi um Complexes
1) trans-(NC)zPd(dppm)2RhClP(GEt)3
This new pal 1adium-rhodium complex has been prepared 
by the two methods described in the -following pages :
Method A
where the phenyl groups bonded to the phosphorus atoms are 
omitted for clearness.
When a solution of triethyl phosphite, P(OEt)3 , in 
deuterated chloroform was added to a red solution of the 
pal1adium—rhodium tetranuclear complexes freshly prepared 
from trans-(NC)zPd(dppm)z and CRhCl (cod) ]=> in CDC13 , the 
desired product resulted and it has been characterized by
*H, *3C— 31P-£lH> nmr and ir spectroscopies, Figures
40, 41, 42, and 43, respectively.
ii) 2 P(0CHz CH3 )
>
|^CN | ^PtOCHzCH^) *
100
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Figure 40. *H Nmr spectrum o-f
trans-(NC)zPd(dppm)zRhClP(OEt)3 parti al1y 
purified by column chromatography 
( See Figure 42 )
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Figure 41. J Nmr spectrum o-f the final products of
the reactions of Ctrans-(NC)zPd (dppm)z with 
CRhCl (cod) 3sa and then with 2 P(OEt) 3 (Method A) 
( crude material )
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The infrared absorption spectrum ( Figure 43 ) of the 
new pal1adium-rhodium dinuclear complex purified by column 
chromatography shows a sharp band at 2120 cm-1 indicating 
the maintenance of the trans cyanide groups in the complex.
The coordination bonding of the phosphorus atom in 
the triethyl phosphite to the rhodium can be establ­
ished from the 13C-£1H> and ® lP— £lH> nmr spectra. In free 
triethyl phosphite, the methyl carbons give a doublet at 
16.63 ppm and 3JP_C = 4.8 Hz; the methylene carbons give
another doublet at 57.67 ppm with ZJP_C = 12.2 Hz. In
contrast, in this complex the methyl carbons give a
multiplet at 16.37 ppm; and the methylene carbons give 
the other multiplet at 62.30 ppm. < See Figure 41. >
Evidently, al1 carbons in the triethylphosphite are 
coupled with the rhodium atom which has a nuclear spin 
quantum number of 1/2. In free triethyl phosphite, the 
phosphorus resonance is a singlet at 139.1 ppm. In the 
new complex, the phosphorus atom of the coordinated
triethylphosphite exhibits multiple resonances around 80 
ppm. ( See Figure 42 ) This multiplicity is due to the 
couplings of the phosphorus atom with the rhodium atom 
and the other phosphorus atoms in the same molecule.
The changes in the phosphorus resonances of the
two bridging dppm ligands offer strong evidence for the
formation of the new heterodinuclear complex by a
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comparison o-f the 31P— O H  } nmr spectra of the product 
and the starting material ( See Figures 44 and 37 ) . In 
the starting tetranuclear complex, Ctrans-(NC)zPd(dppm)=- 
RhC13= , the two phosphorus atoms bonded to the palladium 
center give triplet-like resonances at 8.69, 7.52, and 
6.42 ppm. In the new complex, these phosphorus atoms give 
quartet-like resonances at -1.96, -2.99, -4.00, and
-5.03 ppm. In the starting tetranuclear complex, the 
other two phosphorus atoms bonded to the rhodium atom 
give six-membered resonances at 25.08, 23.97, 22.80,
22.40, 21.33, and 20.16 ppm. In the new complex, the
corresponding phosphorus atoms give a multiplet of more
than eight members in the range of 3.1 to 8.3 ppm
indicating that they are also coupled with the phosphorus 
atom in the newly coordinated triethylphosphite.
The simulation of the 3lP - O H  > nmr spectrum of the 
new palladium-rhodium complex has been carried out by 
assuming : i) the following structure, with phosphorus 
numbering scheme
NC |
Rh
where the phenyl groups are omitted for clearness.
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ii) the chemical shifts:
Pi and Ps -138 Hz < -3.40 ppm )
P2 and P^ 229 Hz ( 5.65 ppm )
PD 3258 Hz ( 80.38 ppm )
iii) the coupling constants:
Z J p i — P S = 290 Hz
2 J p 2 — P 4 = 230 Hz
2 J p i — P Z = 2 J P S - P 4 = 55 Hz
4  7
“ P 1 - P 4 = 4Jp 2-P3 = 29 Hz
4  7
“ P I — P S = 4Jp 2-PO = 7.5 Hz
Z J p Z - P 5 = 2 J F=-4— F-3 = 31 Hz
^ R h - P l = ^ R h - P S  ~ 45 Hz
^ R h - P Z = j R h - P 4  = 93.5 Hz
1 Jr(i—P S = 145 Hz
The PANIC calculated spectrum -for this complex is shown in 
Figure 44. For a comparison, the calculated and the 
experimental resonance lines are listed in Table 10.
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Table 10. Comparison o-f simulated and experimental 31P-C1HJ 
nmr spectrum o-f trans- (NC) 2Pd (dppm) RhClP (0CHzCH3 ) 3
Calculated positions Experimental position*
o-f resonance lines o-f resonance- lines
in Hz in ppm in Hz in ppm
-203.6 -5.02 -203.4 -5.03
-162.9 -4.02 -161.5 -4.00
-118.6 -2.93 -120.9 -2.99
-76.6 -1.09 -78.9 -1.96
127.2 3.14 129.5 3. 18
163.8 4.04 * *
169.4 4.18 167.2 4. 11
201.6 4.97 200.5 4.94
219.1 5.40 225.9 5.57
234.3 5.78 * »
252.7 6.23 * *
262.6 6.48 267.7 6.60
293.6 7.24 298.2 7.35
324.4 8.00 t *
337.6 8.33 336.8 8.30
3154.3 77.81 * *
3162.4 78.01 * *
3184.7 78.56 3184.2 78.56
3215.7 79.33 3228.4 79.64
3299.0 81.38 * *
3322.4 81.96 * *
3329.9 82.14 3330.5 82.16
3360.9 82.97 * *
*. These nmr spectra do not give the complete set of 
resonance -frequencies, but these resonance lines can 
be -found in the spectrum.( See Figure 44 and Text.)
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It is noticed that some nmr spectra occasionally do 
not give a complete set o-f resonance -frequencies. But the 
corresponding resonance 1ines can be -found in the calculated 
spectrum. For example, in Figure 42 the -four peaks at 4.10, 
5.57, 6.59, and 7.35 ppm are al1 broad, and each is composed 
o-f two resonance 1 ines. Furthermore, Figure 48 also supports 
this statement.
From Table 10 and Figures 42, and 44, the essential 
agreement between the simulated and the experimental spectra 
can be seen. They have the same number o-f resonance 1 ines 
and close resonance frequencies. This is the case for the 
two groups of phosphorus atoms (P1? P3 ) and (P2 , p^>. On the 
other hand, for PB , there is some doubt about the agreement 
between the simulated and the experimental spectra. The 
six nuclei (five phosphorus atoms and a rhodium atom) and a 
wide range of chemical shifts ( -500 to 3500 Hz ) makes the 
calculation rather difficult. The experimental spectrum 
shows only three frequencies for the many expected resonance 
lines for PB . So far, these are the best results that could 
be obtained. However, there is no doubt about the coordina­
tion of the triethylphosphite to the rhodium, because this 
phosphorus atom gives a multiplet at 80 ppm rather than 
a singlet at 139.1 ppm for the free ligand. Further 
evidence will be discussed from the results of preparation 
Method B.
Method B
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i) 2 P<0CH2CH3>3 
ii) 2 t-CNC)zPd(dppm)z
| CN | .P(0CHz CH3)3 
Pd ^Rh 
NC | Cl |
This method includes two steps. In the -first step, a 
mixed solution o-f ERhCl (cod) and 2 equivalents o-f tri­
ethyl phosphite, P(0Et)3 , in CDC13 was heated to 50°C 
■for 24 hours. The color o-f the solution changed slowly 
from yellow to orange. Then the 31P— {* H > and 13C-{*H > 
nmr spectra of the solution were taken ( Figures 45 and 
46 ). In the second step, a colorless solution of 2 equi­
valents of trans— (NC)zPd(dppm)z was added to the orange 
solution, producing a red solution. Then the 31P-ClH > and 
lsC-f1H 3- nmr spectra of the red solution were taken. 
( Figures 47 and 48 )
The 31P— 3- nmr spectrum taken after the first step 
shows that the characteristic singlet resonance line at 
139.1 ppm of free triethylphosphite disappeared, but three 
doublets: 120.6, 114.8; 81.9, 77.4; and 7.88, —0.36 ppm
appeared instead. This fact suggests that there were three 
kinds of phosphorus-rhodiurn compounds produced. Based on
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the chemical properties, which have been described in the 
■foregoing section, of the starting material CRhCl(cod)3Z , 
both the chloride bridge and the olefin-rhodium bond may 
break by the attack of the P (OCH2CH3 )3 molecule producing 
various new products. Tentatively, assigment of the
31P-{*H > and 13C-C1H > nmr lines can be made.
As the chloride bridge breaks, a rhodium-phosphite 
complex, (cod)RhClP(OEt)3 , results:
P(OEt)
By comparison with (cod)RhClPPh3 , which has a doublet 
around 31.3 ppm corresponding to its triphenylphosphine, 
and looking at the spectrum in Figure 48, (cod)RhClP(OEt)3 
may have a doublet at 120.7 and 114.7 ppm (1JRK_F, = 242 
Hz) but not at 7.85 and -0.39 ppm, because there are three 
oxygen atoms bonded to the phosphorus in the molecule. In 
the X3C-f1H y nmr spectrum (Figure 45) of these products, 
the methyl carbons give a doublet at 16.2 and 16.0 ppm. 
The methylene carbons in the phosphite give a doublet at 
63.7 and 63.5 ppm. The olefin carbons trans to the chloride 
give a doublet at 78.9 and 78.3 ppm. Other olefin carbons 
trans to the phosphite should give a multiplet hidden some­
where which cannot be seen since its multipiicity makes 
the intensities very weak. The methylene carbons of the 
chelating 1,5-cyclooctadiene give a singlet at 30.9 ppm.
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As an ole-f in-rhodium bond breaks, a homodinuclear 
complex may result:
In this complex, the phosphorus atom may give a doublet at 
Bl.B and 77.3 ppm ( 1JRln_F. = 180 Hz ). The ole-f in carbons 
o-f the chelating cod give a doublet at 78.9 and 78.3 ppm. 
The methylene carbons o-f the cod give a singlet at 30.9 
ppm. The uncoordinated ole-fin carbons in the other cod 
molecule give a singlet at 128.7 ppm.
Also the -following homodi nuclear complexes may -form:
In any molecule o-f these compounds, there is a symmetrical 
center or a symmetrical plane. Thus all o-f the phosphorus 
atoms in these molecules should give the same resonance 
1ines.
P (OCHsCH:*)
(EtO) 3P.
(EtO) ^»C1\ ^P(DEt>3
117
In the second step o-f Method B, the addition o-f 2 
equvalents o-f trans-(NC)zPd(dppm)2 has converted these 
intermediates described above to the desired product:
trans-(NC)Pd(dppm)2RhClP(OEt)3
which shows its characteristic resonance lines in the
1SC-C‘H y and 31P— -C > nmr spectra. The former spectrum 
(Figure 47) shows two multiplets at 16 and 63 ppm -for the 
methyl carbons and methylene carbons, respecti vely, in the 
tri ethylphosphi te in the new complex; two singlets at 28.0 
and 128.6 ppm -for the methylene carbons and the ole-f in 
carbons in the -free 1,5—cyclooctadiene. The 31P-C*H > nmr 
spectrum (Figure 48) o-f-fers evidence -for the -formation o-f 
the desired product. The dppm phosphorus atoms bonded to 
the palladium center give -four resonance 1ines around —3.5
ppm; the other dppm phosphorus atoms bonded to the rhodium
center give a complicated multiplet around 6.5 ppm; the 
phosphorus atom in the tri ethylphosphi te coordinated to 
the rhodium gives a mul tiplet around 80 ppm. For a -fine
comparison, related phosphorus resonance 1 ines o-f experi­
mental spectra ( Figures 42 and 48 ) and the simulated 
spectrum ( Figure 44 ) are 1isted in Table 11. From the 
data in this table it can be seen that the two different 
methods produce the same product.
l i e
Table 11. Comparison o-f two experimental and one simulated 
y nmr spectra o-f trans-(NC) 2Pd (dppm) aRhCl (OEt) 3
Resonance lines Resonance lines Resonance lines
o-f product by o-f product by of simulated
method A method B spectrum
in ppm in ppm in ppm
Pr -4.99 -5.10 -5.02
& -4.03 -4.05 -4.02
P3 -3.00 -3.01 -2.93
-1.91 -1.93 -1.89
PZ 3.26 3.23 3.14
& 3.93 3.89 4.04
P* 4.94 4.90 4.97
5.61 5.57 5.78
6.48 6.47 6.48
7.37 7.35 7.24
8.31 8.29 8.33
P« * 77.39 77.81
78.30 78.14 78.01
79.05 78.89 78.01
80.79 80.59 79.33
81.85 81.68 81.38
82.60 82.43 82.14
82.98 82.81 82.97
See Fig.42 Fig.48 Fig.44
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Both methods A and B use the same starting materials 
with different reaction sequences, and they produce the 
same major product via different intermediates. In Method 
A, the reaction was carried out at room temperature, and 
it took place very fast. In method B, the first step must 
be performed at a higher temperature ( > 50°C ). Based on 
the > nmr spectra, both methods A and B give good
yields < > 80 % ) of the desired product, a great portion 
of which was lost during column chromatography separation. 
These two methods produce some phosphorus by-products. The 
major by-product of method A was the oxide of dppm which 
gave a singlet at 25.4 ppm. In method B, major by-products 
gave resonance lines at -21.5, -23.4, -23.6, -25.4, and 
-54.0 ppm. These by-products have not been identified.
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2) tr ans- (NC) zPd (dppm) =»RhCl P (OPh) 3 ,
trans-(NO^Pd (dppm) 2RhClPPh^ (0CH3 ), and 
trans-(NC)^Pd (dppm)2RhCl (7^ -pi coline)
These pal 1adium-rhodiurn heterodinuclear complexes were 
prepared by the procedure similar to Method B -for the 
preparation o-f trans-(NC)zPd (dppm)zRhClP(0Et)3 .
where Z = P(0Ph)3 , PPh2 (0CH3 ), or /—picoline
The 31P-'C1H > nmr spectra (Figures 49, 51, and 53) o-f 
these reaction solutions give strong evidence -for the 
-formation of the desired heterodi nuclear products.
a) After the yellow solution of a mixture of CRhCl(cod)]2 
and triphenylphosphite, P(0Ph)3 , was heated to 50°C for 24 
hours, the characteristic 31P-C*H > nmr singlet signal at 
128.8 ppm of free triphenylphosphite disappeared, but many 
intermediates formed which gave ten resonance lines in the 
range of 103 to 123 ppm and one line at — 17.2 ppm. These 
compounds have not been isolated and characterized. The 
addition of a solution of trans-(NC)zPd(dppm)2 in CDCL3 
has converted these intermediates to the major product,
ii) 2 t-(NC)iPd(dppm)
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trans— (NC) =Pd (dppm) zRhClP (OPh) -free 1,5—cyclooctadiene, 
and some unidentified by-products. The 1,5-cyclooctadiene
was identified by ‘H nmr signals at 5.57 and 2.36 ppm. 
In the 31P-{‘H > nmr spectrum of the reaction solution 
a multiplet around 65.5 ppm is due to the phosphorus atom 
of the tri phenylphosphi te coordinated to the rhodi urn atom 
which, with other phosphorus atoms in the same molecule, 
results in this multiplet . The multiplet around —3.5 
ppm is due to the dppm phosphorus atoms bonded to the 
palladium center. The other two dppm phosphorus atoms 
bonded to the rhodi urn center give a multiplet in the range 
of 2.5 to 7.7 ppm. The situation becomes more complicated 
because a major by-product containing phosphorus atoms 
has a signal around 3.8 ppm which partially overlaps upon 
the signals of the desired product. However, the 3lP— ■C1H > 
nmr spectrum simulation has solved this problem ( Figure 
50 ) . The results are 1isted in Tables 12 and 13. During 
attempts to purify the product by a column chromatography, 
the desired product decomposed.
b) After the yellow solution of a mixture of CRhCl(cod) 
and methoxydiphenylphosphine, PPh2 (0CH3), in CDC1S was 
heated to 50°C for 24 hours, the characteristic 3ip-ClH } 
nmr singlet signal at 34.48 ppm of free methoxydiphenyl- 
phosphine vanished, but three doublets at (124.9, 120.5), 
(82.3, 79.3), and (33.9, 30.9 ppm) appeared due to new 
intermediates formed. Perhaps, the major intermediate was
which gave the -first doublet at 122.7 ppm (1 JRf-,-P = 17B.3 
Hz ). Addition of a solution of trans— (NC>2Pd(dppm)2 in 
CDC13 to that yellow solution converted these inter—  
mediates to the desired product. Free 1,5-cyclooctadiene 
was indicated by the *H nmr signals at 5.57 and 2.36 ppm. 
In the 31P-C1H 5 nmr spectrum of the final solution there 
are three multiplets due to the desired product. The 
multiplet around 92 ppm is due to the phosphorus atom of 
the metho>:ydi phenyl phosphi ne coordinated to the rhodium 
center, which with the other phosphorus atoms in the same 
molecule result in this multipiicity. A four-membered 
signal around -3.0 ppm is due to the dppm phosphorus 
atoms bonded to the palladium center. A complex multiplet 
in the range of 3.0 to 8.0 ppm is due to the other dppm 
phosphorus atoms bonded to the rhodium center. A broad 
signal at 4.4 ppm due to a by-product containing phos­
phorus, which has not been identified, overlaps on the 
signals of the desired product. However, the simulation 
of the 31P-C1H > nmr spectrum of the product has solved 
this problem ( Figure 52 ). The results are 1isted in 
Tables 12 and 13. A column chromatographic separation of 
the reaction solution produced a more complicated mixture 
of products which gave a rather complicated 31P-flH > nmr
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spectrum which may be taken as an indication o-f the 
unstability o-f the desired product.
c ) The reaction of C R h C l ( c o d ) w i t h  y —picoline results 
in some changes in chemical shifts of the protons of the 
coordinated 1,5-cyclooctadiene and the 7 -picoline. The 
chemical shift of the olefin protons in the cod molecule 
moved from 4.23 to 4.13 ppm. The chemical shift of the 
ortho protons of the —picoline moved from 8.37 to 8.52 
ppm. These facts suggest that electron density has moved 
from the aromatic ring to the cod after coordination of 
of the —picoline. Perhaps, the intermediate is
><y-Picol ine)
Addition of a solution of trans-(NC)zPd(dppm)2 in CDC13 
immediately produces a new product. In the 31P-C1H > nmr 
spectrum, the product gives a triplet around —2 .5 ppm due 
to the two dppm phosphorus atoms bonded to the palladium 
center, and a doublet of triplets around 17.0 ppm due to 
the other two dppm phosphorus atoms bonded to the rhodium 
center.( See Figure 53.) The simulation of this spectrum 
has been performed to find the coupling constants among 
the rhodium and the phosphorus atoms in this molecule.
( See Figure 54. ) The results are listed in Tables 12 
and 13. The pure product has not been obtained although 
afforts were made to get it by column chromatography.
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Table 12. 31P--C1H > Nmr spectral data o-f the complexes
Pa P2
L pn I
_Pd ^Rh
NC | Cl |
where Z = P(DPh)3jP<0Et) PPh^(OCH3.), and /-picoline 
Z P(0Ph)3 P(0Et)3 PPh2 (0CH3) 7—Picoline
Chemical shifts, in ppm
Pi, P3 -3.48 -3.40 -2.96 -2.5
p2 , P* 5.08 5.65 5.62 17.0
Pa 65.53 79.56 92.44
Coupling constants, in Hz
Jp i-p , 290 290 290 290
Jp2-p4 230 230 230 230
J p i - P 2  
J p S — P 4  
J p i - P 4  
Jp2-P3 
JrItPX 
jRh-P3 
jRh-P2
^ R h — P 4  
J p i —  F
Jps-
Jp2-PD 
Jp4-PO
jRh-PB 149.0 145.6 101.9
) 
} 
> 
}
l - P O  A
J - P O  J 
}
59.5 55.0 40.5 57.!
16.0 29.0 39.5 35.5
42.0 45.0 5.0 1.0
93.5 93.5 93.5 98.0
5.5 5.5 35.0
34.0 31.0 17.0
Table 13. Comparison of experimental and simulated 
31P-{XH y nmr lines (in Hz) of complexes
NC
Pi
I CN 
Pd"
|
Rh'
' 1 Cl^l
P3 _ ^ P ^
where Z = P(OPh)3 , PPhz (OCH3 ), and /-Picoline
Z P(OPh)3 PPh2 (DCH3) y —Picoline
Expe. Calc. Expe. Calc. Expe. Calc.
Pi -204.1 -200.0 -179.2 -180.2 -147.1 -147.9
& -163.1 -163.5 -139.6 -141.2 -101.3 -101.7
P3 -123.7 -126.0 -103.2 -105.4 -101.3 -101.7
-84.8 -83.7 -62.2 -65.9 -55.4 -54.9
P2 » 107.6 * 134.9 598.8 599.3
& * 145.2 « 150.3 646.2 646.2
P<* * 181.0 * 173.0 691.0 695.5
199.4 200.6 * 189.3 744.3 744.0
213.7 217.7 * 212. 1 792.7 790.3
240.5 235.9 * 216.2
273.2 274. 1 225.7 227.8
311.6 310.6 246.0 244.0
267.4 266.7
286.0 283.6
308.0 306.4
323.4 323. 1
P= 2547.8 2548.0 3662.0 3660.4
2581.9 2581.8 3678.0 3677.7
2618.3 2615.4 3695.6 3695.0
2693.1 2697.2 3713.8 3712.3
2730.7 2730.7 3744.6 3745.8
2762.8 2764.6 3762.6 3762.1
3779.1 3779.8
3797.5 3796.9
3816.1 3814.0
3832.7 3831.6
t Masked by impurity signals.
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3) trans-(NC)zPd(dppm)zRhClPPh^ ,
trans-(NC)2Pd(dppm)zRhClP(Tol—p)3 , and 
trans-(NC)zPd(dppm)zRhClPPh2 (Tol-p)
These new pal 1adium-rhodium heterodinuclear complexes 
were prepared by two methods similar to those described 
previously -for trans- (NC) zPd (dppm) zRhClP (OEt) 3 .
Method A
i) 2 t-(NC)zPd(dppm)z
! ii) 2 Z \
Pd Rh
NC^ | Cl |
P>
Method B 
\  i) 2 Z___________________ ^
ii) 2 t-(NC)=Pd(dppm)z 
where Z = PPh3, P(Tol-p)3, or PPhz (Tol-p)
The desired products have been characterized by infrared,
1H, 13C-(‘H >, and ^ 4P— t*H > nmr spectroscopies. All the 
infrared spectra of these products show a strong sharp band
at ca. 2090 cm-1 indicating the preservation of the cyanide 
groups in the complexes. The methylene protons of the 
bridging dppm ligands in these complexes give a broad band 
around 4.3 ppm since these protons are coupled with, at 
least, one rhodium atom and two non-equivalent phosphorus 
atoms. The methyl protons of the tolyl group(s) of the
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single phosphine ( PPh3„ P(Tol-p)3, or PPhz (Tol-p) ) 
in the complexes give a singlet resonance line at 2.36 or 
2.35 ppm comparable with 2.33 ppm < -for -free P(Tol-p)3 ), 
or 2. 32 ppm ( -for -free PPhz (Tol -p) ) , respecti vel y . The 
methylene carbons o-f the bridging dppm ligands in these 
complexes cannot be seen because o-f compl icated coupl ings 
with a rhodium and -four unequivalent phosphorus atoms in 
the same molecule. The methyl carbon atoms o-f the tolyl of 
the phosphine of the complexes give a resonance 1ine at 
21.4 ppm for the P(Tol—p)3 complex and 21.3 ppm for the 
PPhz (Tol—p) complex, respectively.
The 31P--C1H > nmr spectra ( Figures 55 to 59 ) of the 
products are more instructive. They are closely similar 
to one another. ( See Table 14.) It seems that the methyl 
group of the tolyl has very 1ittle effect upon the dppm 
phosphorus resonance of the large molecule. The pseudo tri­
plet around 7.8 ppm arises from the phosphorus atoms bonded 
to the palladium center. The more complicated multiplet 
around 21.5 ppm stems from the dppm phosphorus atoms bonded 
to the rhodium center which is strongly coupled with the 
phosphorus atoms directly bonded to itself ( lJRh,-F» > 100 
ppm '*'*.) The resonance signals of the single phosphine, 
PPh.3, P (Tol—p) 3, or PPhz (Tol—p), are perhaps superimposed 
on the same region (16 to 25 ppm) with weak intensities, 
since the single phosphorus atom in the molecule is
 ^i r n
i  i ' i i r -1 1 1— 1— i— 1— 1— 1— •— i— 1— 1— '— '— i— i— i— i— i— |— i— i
Figure 55. 31p— ■C1H > Nmr spectrum o-f the -final products o-f
the reactions o-f CRhCl (cod) with PPh3 and then 
with trans-(NC)zPd(dppm)z ( Method B )
4c By-products unidentified ( crude material )
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Figure 56. 31P— C*H J Nmr spectrum of the final products of 
the reactions of E R h C l ( c o d ) w i t h  
•trans-(NC)2Pd(dppm)2 and then with PPh3 ( Method A ) 
* By-products unidentified ( crude material )
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Figure 57. 31P-ClH J Nmr spectrum o-f the final products o-f
the reactions o-f CRhCl(cod)3= with trans-<NC)»Pd- 
(dppm)z and then with P(Tol-p)3 < Method A )
* By-products unidentified ( crude material )
SF = 40.534 MHz
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Figura sg. 31p-{ih y Nmr spectrum o-f the final products of 
the reactions of CRhCl(cod)32 with P(Tol—p)3 and 
then with trans-(NC) 2Pd (dppm)2 ( Method B ) 
t By-products unidentified ( crude material )
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Figure 59. 3*p-{in j Nmr- spectrum o-f
trans-(NC)zPd(dppm)zRhClPPh2 (Tol-p) 
partially purified by column chromatography ( Method B ) 
* By-products unidentified 
SF = 40.534 MHz
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coupled with i) the rhodium atom, ii) the other two 
phosphorus atoms directly bonded to the same rhodium, and
iii) the other two phosphorus atoms bonded to the palladium 
center. Thus the multiplicity makes the one-phosphorus-atom 
signals rather weak. However, the signals certainly exist. 
Figures 56, 57, and 59 show very strong evidence for this 
point. The ratio of the area of the more complicated peaks 
to the area of the pseudotriplet is about 3 : 2 .
Table 14. 31P-t1H J Nmr lines (in ppm) of complexes
I „CN | Z
Pd Rh
CN | Cl |
where Z = PPh3 , P(Tol-p) a, PPh2 (Tol-p).
z PPh, P(Tol--P>* PPhz (To!
lethod A B A B B
Pz 6.65 6.69 6 . 66 6.66 6.71
& 7.73 7.79 7.80 7.73 7.80
P3 8.98 9.02 9.03 8.99 9.03
17.64 17.74 17.72 17.66 17.74
18.37 * 18.53 * 18.51
& 18.92 18.93 18.97 18.93 18.92
Pa 19.91 * * * *
20.34 20.37 20.43 20.34 20.38
21.02 21.08 21.24 » 21.61
21.56 21.60 21.61 21.57 21.61
22.24 * « * *
22.60 22.73 22.81 22.79 22.72
23.84 23.94 24.02 23.95 24.02
t These line positions were omitted in the spectra.
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The simulation of these S 1P-{1H > nmr spectra of the
the complexes were not be performed because superimposed
signals results in difficulty in finding the detail 
of the experimental spectra. On the other hand, it is 
very difficult to propose other structures which can fit 
these experimental spectra.
From Table 14, it is clear that both Methods A and B
give the same products via different intermediates by use
of the same starting materials, CRhCl(cod)3=, t— (NC)zPd- 
(dppm)2 , and a triarylphosphine, with different reaction 
sequences. In Method B, the intermediate is (cod)RhClZ . 
In Method A, the intermediates are some tetranuclear 
complexes, e.g., Ctrans- (NC) 2Pd (dppm) zRhCl 3=>. ( See fore­
going sections.)
From the data in Table 1 4 ,  the ranges of S1P chemi­
cal shifts and related coupling constants can be found. 
The chemical shift of Pi and P3 bonded to the palladium 
is about 7.8 ppm. The chemical shifts of Pz , P„, and PB 
are in the range of 17 to 2 4  ppm. The J P i - P 2  =  J P 3 _ P 4  is 
about 3 2  H z .  The J R h — P 2  — Jrh-f— », and J F4H_ F>B  are in the 
range of 166 to 255 ppm.
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4) Comparison o-f 3lp NMR Data
The reliability of the 31P nmr data shown in Table 12 
for the new pal 1adium-rhodiurn heterodinuclear complexes 
can be ascertained by a comparison with literature data for 
related phosphine palladium(II) complexes and phosphine 
rhodium(I) complexes.
In the 1iterature, more than 40 trans-PdClzL xLz ( L x 
and L2 are various monophosphines ) have been reported. 
Their 3 *P chemical shifts fall into the range of -6 to 40 
ppm ’°-93, whereas many phosphine rhodium(I) complexes 
show 31P chemical shifts jn the range of -7.2 to 119
ppm. About 15 double dppm-bridged dipalladium(II) complexes 
show 31P chemical shifts'5'9 in the range of 3.1 to 26.4 ppm. 
About 14 double dppm-bridged dirhodium complexes show 31P 
chemical shifts 100'101 in the range of 16 to 31 ppm and 
‘JRh-p in a range of 91 to 127 Hz. The new double dppm- 
bridged pal1adi urn(11)-rhodi urn <I) heterodinuclear complexes 
in this research show their 3lP chemical shifts from -3.5 
to 7.8 ppm due to the phosphorus atoms bonded to palladium 
center and from 5.1 to 20.8 ppm for the phosphorus atoms 
bonded to the rhodium. These are in the high field ends of 
the chemical shift ranges given in the literature mentioned 
above. The reason is that the two cyanide groups, which 
have a negative charge, are better electron donors but
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poorer pi-acceptors than carbonyl ligands. The existence o-f 
two cyanide groups in the molecule remarkably increases the 
electron densities around the phosphorus atoms in the same 
molecule. Thus these phosphorus atoms show resonances at 
higher -field in the nmr spectrum. In addition, the third 
phosphine at the rhodium center also moves the chemical 
shifts o-f the other phosphorus atoms toward high -field.
There is only one similar 1iterature example loz:
X  Pe 
CN | CO
Pd" Rh
NC | Cl'' |
This complex shows 31P chemical shifts of —3.6 ppm due to 
P« and P«' and 7.2 ppm due to PB and PB ., and the 1 JR ,^_P 
= 95 Hz. Therefore, the 31P nmr data given in Table 12 
seem quite reasonable.
SECTION <IV> 
SUMMARY AND CONCLUSIONS
I. Summary and Conclusions
1) Two series o-f palladium-silver and pal 1 adium-rhodiurn 
heterodinuclear complexes have been prepared by reactions 
o-f trans-di cyano-bi sCbi s (diphenylphosphino) methane3-pal 1 ad- 
i urn (11 > with various silver (I) salts or with di -^)U-chloro- 
bis(/^I*-l,5-cyclooctadiene)di rhodium and various phosphines, 
phosphites, or even -picoline, respectively.
2 ) The starting material, trans-(NC)2P d ( d p p m ) m a y  be 
readily prepared by reactions o-f disodium palladium tetra­
chloride with dppm and sodium cyanide in a "one pot"
synthesis with a good yield ( ca. 90 '/. ). This compound can
be purified by recrystal 1ization from dichloromethane and
methanol. Its molecular structure has been determined by
single crystal X—ray diffraction. ( See Appendix ) This 
compound is very stable in either the solid state or in 
solutions of dichloromethane or chloroform. It seems that 
the palladium center and the two coordinated dppm ligands 
in the same molecule protect each other from attacks of 
dioxygen or water molecules. This compound, possessing two 
semi-free tertiary phosphorus atoms in each molecule, has a 
strong capability of catching other transition metal atoms 
to form heterodinuclear complexes.
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3) Four pal 1adiam-si 1ver heterodinuclear complexes with 
different oxo anions have been characterized by elemental 
analysis, ir, proton, carbon-13, and phosphorus-31 nmr 
spectroscopi es.
4) The molecular structure of t-(NC)2Pd(dppm)zAg(0N0)
has been determined by single crystal X-ray diffraction.
The crystals are monoclinic, space group P2i/c , a = 14.745
<7> A, b = 19.208 (7) A, c = 17.486(6) A, /3 = 94.99(2)°, and
Z = 4. The final R factor was 0.032 for 8673 un i que reflec—
0
tions. In thi s molecule, the Pd...Ag di stance ( 3.205 A ) 
is much longer than the sum of the two ionic radi i, but is 
sii ghtly shorter than the sum of the two van der Waals 
radii. In the molecule, the pal 1adium moiety is approxima— 
tely square planar, and the si 1ver moiety is severely dis- 
tored tetrahedral with a weakly coordinated nitrite group.
o
One Ag—0 di stance ( 2.437 A ) is siightly shorter than the
e
Ag-P di stance ( 2.485 A ); but the other Ag-0 distance is 
longer than the Ag-P distance. Therefore, the nitrite group 
may readily be displaced by other 1igands such as formate.
5) All these pal1dium-si1ver complexes give similar 
31P-f1H > nmr spectra which are of the AA’BB’X type. These 
spectra have been analyzed by simulation with the PANIC 
program to find accurate chemcal shifts and coupling cons­
tants. The oxo anion coordinated to the silver center has 
a significant effect upon the chemical shift of the phos-
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phorus atoms bonded to the silver and the value but
not upon the chemical shift and coupling constant of phos­
phorus atoms at the palladium center. A comparison of 31P- 
EXH y nmr data of the nitrite complex and the nitrate 
complex shows that the one more oxygen atom in the ni trate 
group moves the chemi cal shi ft from -6.66 to -4.14 ppm; 
the value increases from 414 to 459 Hz and from
476.5 to 528 Hz. ( See Table 4 ) This effect suggests that 
the electron density around P3 and P* atoms decreases, and 
the s character of the electron density between the si 1ver 
and the Pz and P.* atoms increases. A comparison of 31P—
£*H > nmr data of the acetate complex and the formate 
complex shows that the substitution of the hydrogen in the 
formate group by the methyl in the acetate group moves the 
the chemi cal shift from -4.44 to -6.07 ppm and the 
values from 456 to 425.5 Hz and from 524 to 489 Hz. The 
changes suggest that the substitution increases the 
electron density around the P2 and P* atoms, but decreases 
the s character of the electron density between the si 1ver 
and the Pz and P* atoms.
6) Di -yix -chi oro-bi s ( ^  "“-1,5-cycl ooctadi ene) di rhodium, 
ERhCl(cod)]2 , is a convenient carbonyl-free rhodium(I) 
resource for preparations of other rhodium complexes. In 
the molecule, the chloro bridge or the 1,5-cyclooctadiene 
coordination bonds may easily break. When a unidentate 
phosphine or phosphite molecule attacks the rhodium dimer,
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a mononuclear rhodium complex -forms. When a bidentate 
biphosphine, for example dppe, with a strong chelating 
tendency attacks the rhodium dimer, the coordinated 1,5- 
cyclooctadiene may be displaced from the rhodium center by 
the incoming biphosphine retaining the double chloro 
bridge intact if the molar ratio of PsRh is less or equal 
to 1:1. Reactions of CRhCl(cod)32 with various phosphines 
are very fast at room temperature, and the product of each 
reaction is simply one compound if the molar ratio of P:Rh 
is 1 or less. In constrast, reactions of CRhCl(cod)1= with 
phosphites must be carried out at higher temperatures and 
for 1onger reaction times, and the product is a mixture of 
phosphorus-containing compounds for each reaction.
7) The reaction of C R h C l ( c o d ) w i t h  t-(NC)^Pd(dppm)2 
results in the formation of pal1adium-rhodiurn tetranuclear 
complexes and other higher polymers. In this reaction, the 
t-(NC)zPd(dppm)z acts as a biphosphine 1igand to displace 
the coordinated 1., 5-cycl ooctadi ene. However, the doubly 
bridging chlorides become much more reactive because of 
the strong trans effect of the special phosphine 1igand at 
the same rhodiurn center.
0) Three pal 1adium-rhodi urn heterodinuclear complexes 
have been prepared by two methods which use the same 
starting materials producing the same desired products via 
different intermediates because of different reaction
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sequences used. The other -four pal1adi um-rhodi urn heterodi­
nuclear complexes were prepared by only one method. The 
■formation o-f the desi red products were confirmed by 
the conjuction of infrared, proton, carbon-13, and, parti- 
cularly, by phosphorus-31 nmr spectroscopies.
9) All the pal1adium-si1ver and pal1adi um-rhodi urn 
heterodinuclear complexes with two bridging dppm 1igands 
give 31P-f1H > nmr spectra with some common aspects. The 
phosphorus atoms bonded to the palladium center in each 
molecule give rise to a pseudo-triplet or a pseudo-quartet 
resonance signal depending on the couplings among these 
phosphorus atoms and the si 1ver or rhodium atom in the 
same molecule. The other dppm phosphorus atoms bonded to 
the si 1ver center, which has two isotopes with a nuclear 
spin number of 1/2 for each, give rise to two complicated 
multiplets of resonance because the 1 is large. This
problem has been solved by nmr spectrum simulation with 
the PANIC program. The dppm phosphorus atoms bonded to the 
rhodium center, which has a nuclear spin number of 1/2, 
also give rise to a very complicated multiplet because of 
an additional phosphorus atom attached to the same rhodium 
center. The 1 JRr-,_F> are smaller than the aJ«0_F».
However, the chemical shifts of these phosphorus atoms 
exhibit dramatic differences from each other. ( See Tables 
4, 12, and 14.) The explanation of these differences 
must await further experimental and theoretical work.
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II. Suggestions -for Further Work
Although the conclusions regarding structure have 
been based on infrared, proton, carbon-13, and phospho­
rus-31 nmr spectroscopies, the palladium-rhodiurn hetero­
dinuclear complexes have not been totally characterized 
because of crystallization and separation problems. Fur—  
ther work along the following lines is suggested:
1) complete characterization of the palladium-rhodiurn 
heterodinuclear complexes;
2 ) examination of the ability of the two series of 
complexes to activate small molecules, such as Hz, 
CO, C02 , N=», etc.
3) examination of the capability of the two series 
of complexes to catalyze hydrogenation of certain 
double bonds and triple bonds, dehydrogenation of 
saturated hydrocarbons or other compounds, hydro- 
fomylation or carbonyl ation of olefins, and 
nitrogen-cyclization of amino or nitro compounds 
with aldehydes, etc.
Future development in this area should afford good 
opportunities for practical and theoretical results.
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APPENDIX
1. X-ray Data for trans-(NO zPd (dppm) zAg (ONO 
( See Figure 2, page 23 )
2. X-ray Data for trans-(NC)2Pd(dppm)2 
( See Figure 1, page 20 )
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X-ray Data -for trans- (NC) 2Pd (dppm) 2Ag (0N0)
( See Figure 2, page 23 )
C o o rd in a te s  f o r  Ag-Pd Dimer
Atom X 'J z
1 
CD
 
1 
•
1 
-O
1 1
Ag 0 .70033(2 ) -0 .0 6 1 0 2 (2 ) 0 .80403(2 ) 3 646(7
Pd 0 .6 4 6 0 1 (2 ) 0 .01977(2 ) 0 .6 8 0 2 2 (2 ) 2 .8 1 7 (6
PI 0 .77080(7 ) 0 .04267(5 ) 0 .6 1 2 4 0 (6 ) 2 .9 3 (2 )
P2 0 .69907(7 ) 0 .01507(6 ) 0 .75694(6 ) 3 .1 0 (2 )
P3 0 .52780(7 ) -0 .0 0 4 8 1 (5 ) 0 .75488(6 ) 2 .9 5 (2 )
P4 0 .65903(7 ) -0 .0 4 4 0 9 (6 ) 0 .8 9 2 2 0 (6 ) 3 .1 9 (2 )
01 0 .7 7 4 9 (3 ) -0 .1 7 0 1 (2 ) 0 .7 5 0 0 (2 ) 7 .5 (1 )
02 0 .8 6 4 0 (3 ) -0 .1 7 5 4 (2 ) 0 .8 4 8 1 (3 ) 9 .2 (1 )
N1 0 .5 6 3 4 (3 ) -0 .0 7 8 4 (2 ) 0 .5 4 9 2 (2 ) 5 .2 (1 )
N2 0 .7 1 1 2 (3 ) 0 .1 3 7 2 (2 ) 0 .7 9 7 3 (2 ) 5 .0 4 (9 )
H3 0 .8 2 9 0 (3 ) -0 .2 0 9 4 (2 ) 0 .7 9 2 9 (3 ) 9 .0 (1 )
Cl 0 .5 9 4 8 (3 ) -0 .0 4 5 0 (2 ) 0 .5 9 8 6 (2 ) 3 .7 5 (9 )
C2 0 .6 8 8 6 (3 ) 0 .0 9 3 9 (2 ) 0 .7 5 5 9 (2 ) 3 .4 3 (9 )
C3 0 .8 6 6 4 (3 ) 0 .0 7 4 8 (2 ) 0 .6 7 6 3 (2 ) 3 .2 2 (8 )
C4 0 .7 4 9 8 (3 ) 0 .1 0 9 2 (2 ) 0 .5 3 9 8 (2 ) 3 .2 2 (8 )
C5 0 .8 1 3 0 (3 ) 0 .1 6 1 4 (2 ) 0 .5 2 7 5 (3 ) 4 .4 (1 )
C6 0 .7 9 1 9 (3 ) 0 .2122(2 ) 0 .4 7 2 3 (3 ) 4 .7 (1 )
C7 0 .7 0 9 4 (3 ) 0 .2112(2 ) 0 .4 2 9 0 (3 ) 4 .5 (1 )
ce 0 .6 4 7 4 (3 ) 0 .1 5 9 5 (3 ) 0 .4 3 9 6 (3 ) 4 .6 (1 )
C9 0 .6 6 6 9 (3 ) 0 .1 0 9 1 (2 ) 0 .4 9 5 6 (2 ) 3 .9 1 (9 )
C1B 0 .8 1 7 0 (2 ) -0 .0 3 2 4 (2 ) 0 .5 6 5 4 (2 ) 3 .1 5 (8 )
C ll 0 .8 7 5 2 (3 ) -0 .0 2 3 5 (2 ) 0 .5 0 8 2 (2 ) 4 .3 (1 )
C oord Ino tes fo r  Ag-Pd Dimer ( c o n t . )
Atom X y z Beq
C12 0 .9134(3 ) -0 .0 8 1 7 (3 ) 0 .4 7 6 4 (3 ) 5 .5 (1 )
C13 0 .8933 (3 ) -0 .1 4 7 7 (3 ) 0 .5 0 0 1 (3 ) 5 .7 (1 )
C14 0 .8351(3 ) -0 .1 5 6 5 (3 ) 0 .5 5 6 1 (3 ) 5 .5 (1 )
C15 0 .7965(3 ) -0 .0 9 9 1 (2 ) 0 .5 8 8 4 (3 ) 4 .2 (1 )
C16 0 .9 992(2 ) -0 .0 2 8 8 (2 ) 0 .7 2 4 5 (2 ) 3 .2 7 (8 )
C17 1.0797(3) 0 .0 064 (3 ) 0 .7 1 4 2 (3 ) 4 .6 (1 )
cie 1.1538(3) -0 .0 2 8 5 (3 ) 0 .6 8 9 4 (3 ) 5 .5 (1 )
CIS ■ 1.1476(3) -0 .0 9 7 3 (3 ) 0 .6 7 2 7 (3 ) 5 .8 (1 )
C20 1.0694(4) -0 .1 3 2 2 (3 ) 0 .6 8 0 3 (4 ) 7 .2 (2 )
C21 0 .9 9 4 4 (3 ) -0 .0 9 7 9 (3 ) 0 .7 0 7 0 (3 ) 5 .5 (1 )
C22 0 .9 4 8 7 (3 ) 0 .0 738 (2 ) 0 .8 3 0 9 (2 ) 3 .7 4 (9 )
C23 0 .9 4 3 6 (4 ) 0 .0550 (3 ) 0 .9 0 6 2 (3 ) 5 .8 (1 )
C24 0 .9 8 5 7 (5 ) 0 .0977 (4 ) 0 .9 6 4 7 (3 ) 8 .1 (2 )
C25 1 .0311(4) 0 .1 556 (3 ) 0 .9 4 9 3 (3 ) 7 .6 (2 )
C26 1.0319(4) 0 .1 7 6 5 (3 ) 0 .8 7 5 2 (4 ) 8 .6 (2 )
C27 0 .9 9 1 1 (4 ) 0 .1 358 (3 ) 0 .8 1 4 8 (3 ) 6 .4 (1 )
C2S 0 .5 6 0 8 (3 ) 0.0102(2) 0 .8 5 7 0 (2 ) 3 .3 8 (9 )
C29 0 .4 3 0 3 (3 ) 0 .0 5 0 3 (2 ) 0 .7 2 9 7 (2 ) 3 .4 7 (9 )
C30 0 .4 0 0 1 (3 ) 0 .0 5 4 4 (2 ) 0 .6 5 2 7 (3 ) 4 .3 (1 )
C31 0 .3 2 6 1 (3 ) 0 .0 9 5 9 (3 ) 0 .6 2 9 0 (3 ) 5 .3 (1 )
C32 0 .2 8 3 9 (3 ) 0 .1 3 4 1 (3 ) 0 .6 8 1 1 (3 ) 5 .4 (1 )
C33 0 .3 1 4 0 (3 ) 0 .1 3 1 8 (3 ) 0 .7 5 6 7 (3 ) 5 .5 (1 )
C o o rd in o tes  fo r  Pd-Ag Dimer ( c o n l . )
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Atom X y z
1 
CD
i 
e
1 
S3
i i
C34 0 .3075(3 ) 0 .0898(3) 0 .7826(3 ) 4 .7 (1 )
C35 0 .4872(3 ) -0 .0 9 3 6 (2 ) 0 .7539 (2 ) 3 .5 4 (9 )
C36 0 .5445(3 ) -0 .1 4 7 7 (2 ) 0 .7 381 (3 ) 4 .8 (1 )
C37 0 .5189(4 ) -0 .2 1 5 9 (3 ) 0 .7463 (4 ) 6 .9 (2 )
C30 0 .4338(4 ) -0 .2 3 0 2 (3 ) 0 .7683 (4 ) 7 .7 (2 )
C39 0 .3754(4 ) -0 .1 7 8 1 (3 ) 0 .7818 (4 ) 7 .6 (2 )
C40 0.4010(3 ) -0 .1 0 8 7 (3 ) 0 .7760 (3 ) 5 .1 (1 )
C41 0 .7065(3 ) 0 .0017(2 ) 0 .9783 (2 ) 3 .4 8 (9 )
C42 0 .7130 (4 ) 0 .0726(3 ) 0 .9 827 (3 ) 5 .9 (1 )
C43 0 .7566(4 ) 0 .1041(3 ) 1 .0473(3) 7 .1 (2 )
C44 0 .7947(4 ) 0 .0657(3 ) 1 .1066(3) 5 .9 (1 )
C45 0 .7893(5 ) -0 .0 0 4 0 (3 ) 1 .1019(3) 8 .5 (2 )
C46 0 .7 455 (4 ) -0 .0 3 6 5 (3 ) 1 .0389(3) 7 .5 (2 )
C47 0 .6106 (3 ) -0 .1 2 1 2 (2 ) 0 .9 3 3 1 (2 ) 3 .4 4 (9 )
C48 0 .6572(3 ) -0 .1 8 2 1 (3 ) 0 .9315 (3 ) 6 .3 (1 )
C49 0 .6 2 8 5 (4 ) -0 .2 4 1 4 (3 ) 0 .9 6 7 9 (3 ) 7 .8 (2 )
C50 0 .5510(4 ) -0 .2 4 0 0 (3 ) 1 .0045(4) 7 .3 (2 )
C51 0 .5039(4 ) -0 .1 7 9 5 (3 ) 1 .0066(4) 9 .0 (2 )
C52 0 .5 3 2 8 (4 ) -0 .1 2 0 2 (3 ) 0 .9 712 (3 ) 6 .8 (1 )
01S 0 .9 8 9 2 (3 ) 0 .2267(3 ) 0 .6383 (3 ) 10 .7 (1 )
CIS 0 .9 2 1 6 (6 ) 0 .2746(5 ) 0 .6547 (6 ) 15 .7 (3 )
A n i s o t r o p i e a l l y  r e f i n e d  atoms a r e  g iven  in  the  form of the  
e q u iv a le n t  i s o t r o p i c  therm al p a ram ete r  d e f in e d  a s :
(4 /3 )  * C a2*8(1 .1) + b 2 * 8 (2 ,2 )  + c2 * 8 (3 ,3 )  + abCcos garwna)*8( 1.2) 
+ a c ( c o s  b e t a ) * 8 ( l , 3 )  + be (cos  a lp h a )* 8 (2 .3 )  3
Distances and Angles In Coordination Spnere, Ag-Pd Diner
Atom 
■ »  * •
1
■ ■
Atom 2 D is ta n c e Atom 1 
« ■ « « > *
Atom 2 D is ta n c e Atom I Atom 2
S S S B S S
D is ta n c e
• • ■ • • • • •
«g Pd 3 .2 8 5 1 ( 4 ) Ag 01 2 .4 3 7 ( 4 ) Pd P3 2 .3 1 3 ( 1 )
Ag P2 2 .485C  1) 02 2 .6 8 9 ( 4 ) Pd Cl 1 .9 9 2 (4 )
O g P4 2 .4 0 2 ( 1 ) Pd PI 2 .3 1 6 ( 1 ) Pd C2 2 .8 8 7 ( 4 )
Atom I Atom 2 Atom 3 A n g le Atom 1 Atom 2 Atom 3 A n g le Atom 1 A to n  2  A la n  3 A n g le
« • • • •
P2 Ag P4 1 3 4 .3 4 (4 ) P4 A g 02 1 8 6 .2 (1 ) PI Pd C2 83.2(1)
P2 Ag 01 1 1 4 .5 (1 ) 01 «9 02 4 8 .4 ( 1 ) P3 Pd C l 9 1 .1 ( 1 )
P2 Ag 02 1 8 5 .8 1 (9 ) P I Pd P3 1 7 6 .2 6 (4 ) P3 Pd C2 88.9(1)
P4 Ag 01 1 1 1 .1 (1 ) PI Pd Cl 9 1 .1 ( 1 ) C l Pd C2 1 7 3 .2 ( 2 )
O'O
Total* of Bond Distances in Angstroms
Atom I A‘ am 2 D ls ta n c *
* •* * "* ..............
Ag P i 3 .2 0 5 1 ( 4 )
P2 2 .4 9 5 ( 1 )
Aq P4 2 .4 8 2 ( 1 )
Aq 01 2 .4 3 7 ( 4 )
Pd PI 2 .3 1 6 ( 1 )
Pd P3 2 .3 1 5 ( 1 )
Pd C l 1 .9 9 2 (4 )
Da C2 2 .0 8 7 ( 4 )
P i C3 1 .8 2 9 (4 )
P I C4 1 .8 1 0 (4 )
P I C IS 1 .8 2 0 ( 4 )
P2 C3 1 .8 5 1 (4 )
P2 C 16 1 .8 2 2 (4 )
P2 C22 1 .8 1 6 (4 )
P3 C2B 1 .8 3 2 (4 )
P3 C29 1 .8 0 9 (4 )
P3 C35 1 .8 0 7 (4 )
P4 C28 1 .0 4 6 (4 )
P4 C4I 1 .8 3 8 (4 )
~4 C47 1 .8 1 7 (4 )
01 N3 1 .2 0 7 (6 )
02 N3 1 .2 4 3 (7 )
ill Cl 1. 1 12(6)
N2 CJ 1 .1 3 3 (5 )
C4 L5 1 .3 9 7 (6 )
Atom I A t of* 2  D ls lo n c *
■««••••■
C4 C9 1 .3 8 7 (3 )
C5 C6 1 .3 8 9 ( 6 )
C6 C7 1 .3 7 6 ( 6 )
C7 C8 1 .3 7 3 ( 6 )
C8 C9 1 .3 9 1 ( 6 )
C18 C l l 1 .3 8 4 (6 )
C18 0 5 1 .3 8 5 (6 )
C l l C I2 1 .3 8 9 (7 )
C12 C I3 1 .3 7 4 (7 )
C I3 C14 1 .3 6 7 (7 )
C I4 C I5 1 .3 8 2 (7 )
C I6 C17 1 .3 9 2 (6 )
C I6 C2I 1 .3 6 2 (6 )
C17 C18 1 .3 8 3 (7 )
CIB C I9 1 .3 5 4 (8 )
C19 C20 1 .3 5 8 (7 )
C28 C21 1 .4 8 2 (7 )
C22 C23 1 .3 7 5 (6 )
C22 C27 1 .3 8 6 (7 )
C23 C24 1 .4 1 1 ( 8 )
C24 C25 1 .3 3 9 (9 )
C25 C26 1 .3 5 7 (8 )
C26 C27 1 .4 0 5 (8 )
C29 C38 1 .3 8 4 ( 6 )
C29 C34 1 .3 8 9 ( 6 )
Atom 1 Atof* 2  D ls lo n c *
C30 C31 1 .3 8 5 ( 6 )
C31 C32 1 .3 6 2 (7 )
C32 C33 1 .3 5 8 (7 )
C33 C34 1 .3 9 5 ( 6 )
C35 C36 1 .3 8 2 (6 )
C35 C48 1 .3 9 1 (6 )
C36 C37 1 .3 7 5 (7 )
C37 C38 1 .3 7 2 ( 9 )
C38 C39 1 .3 5 5 ( 8 )
C39 C48 1 .3 9 8 ( 8 )
C41 C42 1 .3 6 6 ( 6 )
C4I C46 1 .3 7 3 (7 )
C42 C43 1 .3 8 9 (7 )
C43 C44 1 .3 5 4 ( 7 )
C44 C4S 1 .3 4 4 ( 8 )
C45 C46 1 .3 7 8 (8 )
C47 C48 1 .3 5 9 (6 )
C47 C52 1 .3 7 5 ( 7 )
C48 C49 1 .3 9 8 ( 8 )
C49 C5B 1 .3 5 7 ( 9 )
C50 C51 1 .3 5 5 (8 )
C51 C52 1 .3 8 2 (8 )
01S C1S 1 .4 1 ( 1 )
Aq 02 2 .6 8 9 ( 4 )
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Table of Bond Anglos In Bogroos
Atom I Atom 2  Atom 3  A n g lo  Atom I Atom 2  Atom 3  A ng lo  Atom I Atom 2  Atom 3  A n g lo
****** ****** B 0O 000 •0••a• a o a t o o
P2 Ag P4 1 3 4 .3 4 (4 ) C2B P3 CSS 1 8 2 .5 (2 ) C l l C I2 C13 1 2 1 .8 (4 )
P2 Ag 01 1 1 4 .5 (1 ) C29 P3 C3S 1 8 7 .1 (2 ) C12 C IS C 14 1 1 9 .7 ( 9 )
P4 Ag 01 1 1 1 .1 (1 ) Ag P 4 C2B 1 1 7 .8 ( 1 ) C13 C I4 C IS 1 2 8 .8 ( 4 )
P I Pd P3 1 2 6 .2 6 (4 ) Ag P4 C4I 1 8 9 .2 (1 ) cia C IS C I4 1 2 8 .8 ( 4 )
P I Pd Cl 9 1 .1 ( 1 ) Ag P4 C47 1 1 7 .8 (1 ) P2 0 6 C l? 1 2 2 .3 ( 3 )
P I Pd C2 6 9 .2 ( 1 ) C26 P 4 C41 1 8 3 .6 (2 ) P2 0 6 C 2I 1 1 9 .5 ( 3 )
P3 Pd Cl 9 1 .1 ( 1 ) C2B P4 C47 1 8 5 .3 ( 2 ) C17 C I6 C21 1 1 0 .2 (4 )
P3 Pd C2 6 8 .9 ( 1 ) C4I P4 C47 1 8 1 .7 (2 ) C I6 0 7 cie 1 2 0 .7 (4 )
C l Pd C2 1 7 3 .2 (2 ) Ag 01 M3 1 8 2 .6 (3 ) C17 C IS 0 9 1 2 8 .1 ( 4 )
Pd P I C3 1 1 6 .9 (1 ) 01 H3 0 2 1 1 5 .7 ( 4 ) CIB C19 C28 1 2 8 .3 ( 5 )
Pd P I C4 1 1 3 .5 (1 ) Pd C l Hi 1 7 5 .6 (4 ) C19 C28 C2I 1 2 8 .4 ( 5 )
Pd P I c i e '1 1 5 .2 (1 ) Pd C 2 N2 1 7 7 .9 (4 ) C16 C 2 t C28 1 2 8 .3 (4 )
C3 PI C4 1 9 5 .4 (2 ) P t C3 P2 1 1 3 .4 ( 2 ) P2 C22 C23 1 1 7 .9 (3 )
C3 P I C1B 1 8 4 .1 ( 2 ) P I C4 C5 1 2 2 .6 (3 ) P2 C22 C27 1 2 3 .2 ( 3 )
C4 PI C IS 1 0 6 .9 (2 ) P I C4 C9 1 1 8 .3 (3 ) C23 C22 C27 1 1 8 .9 ( 4 )
Ag P2 C3 1 1 7 .9 (1 ) C5 C4 C9 l l B . 9 ( 4 ) C22 C23 C24 1 1 9 .8 ( 5 )
Ag P2 C16 1 1 6 .3 (1 ) C4 C5 C6 1 1 9 .9 (4 ) C23 C24 C2S 1 2 2 .2 (5 )
Ag P2 C22 1 1 2 .2 (1 ) C5 C6 C7 1 2 8 .5 (4 ) C24 C2S C26 1 1 8 .9 ( 5 )
C3 P2 C 16 1 0 2 .6 (2 ) C6 C7 CB 1 2 8 .2 (4 ) C23 C26 C27 1 2 1 .8 ( 5 )
C3 P2 C22 1 0 2 .7 (2 ) C7 CB C9 1 1 9 .9 (4 ) C22 C27 C26 1 1 9 .8 ( 5 )
C I6 P2 C 22 1 0 3 .2 (2 ) C4 C9 CB 1 2 8 .6 (4 ) P3 C28 P 4 1 1 1 .7 ( 2 )
Pd F3 C2B 1 1 1 .6 (1 ) P I C18 C l l 1 2 8 .6 (3 ) P3 C29 C30 1 1 6 .8 ( 3 )
Pd P3 C29 1 1 1 .4 (1 ) P I CIB C IS 1 2 8 .2 ( 3 ) P3 C29 C34 1 2 3 .7 ( 3 )
Pd P3 C35 1 1 6 .9 (1 ) C l l c i e C IS 1 1 9 .2 (4 ) C30 C29 C34 1 1 9 .4 ( 4 )
C2B P3 C29 1 0 6 .4 (2 ) C IS C l l C I2 1 1 9 .3 (4 ) C29 C30 C3I 1 2 8 .2 (4 )
A'Om I Atom 7 Atom 3
*•***■ ....
C30 C31 C32
C31 C32 C33
C32 C33 C34
C29 C34 C33
P3 C35 C36
P3 C35 C40
C36 C35 C40
C35 C3S C37
C36 CJ? C38
C37 C39 C39
A n g le  Atom I
••••• •■•••*
1 2 0 .2 (4 )  C30
1 2 0 .3 (4 )  C35
1 2 0 .0 ( 5 )  P 4
1 1 9 .1 (4 )  P4
1 2 0 .2 (3 )  C42
1 2 0 .3 ( 3 )  C4I
1 1 9 .2 (4 )  C42
1 2 1 .1 (5 )  C43
1 1 9 .1 (5 )  C44
1 2 0 .8 (5 )  C41
Bond Angles (cont.)
Atom 2 Alom 3 A n g le A to a  1
a e e e i e
A lo e  2 A toei 3  
■ • • • • •
A n g le
« • • • •
C39 C48 1 2 1 .0 (5 ) P 4 C47 C40 1 1 8 .5 (3 )
C40 C39 1 1 8 .9 (4 ) P 4 C47 C52 1 2 3 .5 ( 3 )
C41 C42 1 2 3 .0 ( 3 ) C48 C47 C52 1 1 7 .8 ( 4 )
C4I C46 1 1 8 .9 (3 ) C47 C48 C49 1 2 1 .5 (5 )
C4I C46 1 1 7 .8 (4 ) C48 C49 C50 1 2 0 .1 (5 )
C42 C43 1 2 0 .3 (4 ) C49 C50 C51 1 1 9 .0 ( 5 )
C43 C44 1 2 1 .2 (5 ) C50 C51 C52 1 2 1 .1 ( 6 )
C44 C45 1 1 8 .5 (5 ) C47 C52 C51 1 2 8 .5 (5 )
C45 C46 1 2 1 .4 (5 )
C46 C45 1 2 0 .7 (5 )
o r d in a t e s  Assigned to  Hydrogen Atone in Ag-Pd Dii
—  —  —  —  —  •
..........
Atom X y z 8
— — — *•
H031 0 .049? 0.1102 0.6968 4
H032 0 .9172 0 .0810 0.6471 4
H5 0.8703 0.1620 0.5568 5
H6 0.8346 0.2470 0 .4644 6
H 7 0.6953 0.2463 0.3916 5
H0 0.5911 0 .1582 0.4086 5
H9 0.6231 0.0741 0.5037 5
HI 1 0 .8889 0.0218 0.4909 5
H12 0.9539 -0 .0 7 5 7 0 .4375 7
H13 0.9196 -0 .1 8 6 9 0.4777 7
H14 0.8211 -0 .2 0 1 9 0.5727 7
H15 0.7555 -0 .1 0 5 6 0.6267 5
HI? 1.0839 0.0549 0.7243 5
H18 1.2090 -0 .0 0 4 2 0.6840 7
H19 1.1985 -0 .1211 0.6556 7
H20 1.0652 -0 .1801 0.6675 9
H21 0 .9398 -0 .1 2 2 9 0.7129 7
H23 0.9122 0 .0139 0.9187 7
H24 0.9817 0.0848 1.016? 10
H25 1.0622 0.1817 0.9895 9
H26 1.0604 0.2191 0.8639 11
H27 8.9925 0 .1508 0.7631 8
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Hydrogen Atoms In Ag-Pd Dimer ( c o n t . )
Atom X y z B
--- -
H2B1 0.5106 -0 .0 0 0 7 0.0854 4
H282 0.5765 0 .0578 0.8642 4
H30 0.4302 0.0287 0.6159 5
H31 0.3046 0.0976 0.5761 6
H32 0 .2332 0 .1624 0.6644 7
H33 0 .2045 0.1591 0.7924 7
H34 0 .4080 0.0882 0.8355 6
H36 0.6025 -0 .1 3 7 5 0.7212 6
H37 0 .5595 -0 .2 5 2 6 0.7368 8
H38 0.4156 -0 .2 7 7 2 0.7742 10
H39 0.3160 -0 .1 8 9 0 0.7955 9
H40 0 .3603 -0 .0 7 2 3 0.7869 6
H42 0 .6876 0 .1004 0.9413 7
H43 0 .7596 0 .1534 1.0499 9
H44 0.8245 0.0876 1.1505 7
H45 0 .8163 -0 .0 3 1 4 1.1429 11
H46 0 .7423 -0 .0 8 5 8 1.0373 9
H48 0 .7106 -0 .1841 0.9048 8
H49 0 .6630 -0 .2831 0.9671 10
H50 0 .5301 -0 .2 0 0 7 1.0282 9
H51 0 .4501 -0 .1 7 7 9 1.0327 11
H52 0 .4986 -0 .0 7 8 3 0.9731 8
166
Aniso trop ic  Thermal Pa ram e te r s  fo r  Ag Pd (Ph2P-CH2-PPh2)2 (CN)2 N02 . MeOH
Name ua, n U(2,2) U (3.3) U(1,2) U(1,3) 11(2.3)
Ag 0.0396(2) 0 .0467(2) 0.0532(2) 0.0016(2) 0.0094(1) 0 .0038(2)
Pd 0.0303(1) 0.0397(2) 0.0372(1) -0 .0009(1) 0.0037(1) -0 .0 025(2 )
PI 0 .0312(5) 0 .0414(6) 0.0386(5) -0 .0026(4) 0.0026(4) 0 .0010(5)
P2 0 .0339(5) 0 .0420(6) 0 .0414(5) -0 .0009(5 ) 0.0018(4) -0 .0 004(5 )
P3 0.0315(5) 0 .0416(6) 0 .0394(5) 0.0024(4) 0.0049(4) -0 .0002 (5 )
P4 0.0385(5) 0 .0430(6) 0.0402(6) 0.0019(5) 0.0058(5) 0 .0036(5)
01 0 .186(3 ) 0 .066(2 ) 0 .118(3) -0 .010(2 ) 0.039(2) - 0 .0 1 1 (2 )
02 0.073(2) 0 .117(3 ) 0.160(4) 0.024(2) 0.013(3) 0.057(3)
N1 0.062(2) 0.070(3) 0 .067(2) -0 .013(2 ) 0.004(2) - 0 .0 2 2 (2 )
N2 0.072(2) 0 .055(2 ) 0.063(2) -0 .004(2 ) -0 .003(2 ) -0 .0 1 4 (2 )
N3 0.090(3) 0 .066(3) 0.197(5) 0.018(2) 0.070(3) 0.031 (3)
Cl 0.035(2) 0.059(3) 0 .050(2) -0 .004(2 ) e . 009(2) -0 .0 0 8 (2 )
C2 0 .040(2) 0 .044(2) 0 .047(2) 0.004(2) 0.006(2) 0.003(2)
C3 0.036(2) 0 .041(2) 0 .045(2) -0 .006(2 ) 0.000(2) 0 .002(2)
C4 0.040(2) 0.041(2) 0.041(2) 0.002(2) 0.003(2) -0 .0 0 2 (2 )
C5 0 .053(3) 0.055(3) 0.058(3) -0 .009(2 ) e . 000(2) 0 .005(2)
ce • 0.073(3) 0.046(3) 0.059(3) -0 .006(2 ) 0.011(2) 0 .009(2)
c? 0.068(3) 0.053(3) 0 .050(2) 0.013(2) 0.010(2) 0 .001(2)
CB 0.050(2) 0.071(3) 0 .053(3) 0.014(2) 0.002(2) 0 .008(2)
C9 0 .043(2) 0.056(3) 0 .049(2) 0.001(2) 0.004(2) 0 .009(2)
cie 0 .032(2) 0.048(2) 0.039(2) -0 .001(2 )  ■-0.003(2)  •-0 .000(2 )
Cll 0 .051(2) 0.065(3) 0 .049(2) 0.005(2) 0.014(2) 0.004(2)
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A niso t rop ic  Thermal Pa rameters  fo r  Ag-Pd Dimer (Continued)
Name U(l ,  1) U(2,2) U(3,3) U(1.2) U( 1.3) U(2.3)
C12 0.064(3) 0.088(4) 0.059(3) 0.020(3) 0.023(2) -0 .002 (3 )
C13 0 .069(3) 0.074(3) 0.071(3) 0.026(3) 0.001(3) -0 .017 (3 )
C14 0.071(3) 0.048(3) 0.009(4) 0.007(3) 0.0e4(3) -0 .006 (3 )
C15 0 .047(2) 0.051(3) 0.061(3) 0.003(2) 0.008(2) 0 .002(2)
C16 0.030(2) 0.053(2) 0.040(2) -0 .002(2) -0 .003(2 ) 0.002(2)
Cl 7 0.041(2) 0.068(3) 0.065(3) -0.005(2) 0.009(2) 0 .003(3)
C18 0.041(2) 0.102(4) 0.066(3) -0 .001(3) 0.014(2) 0 .004(3)
C19 0.048(3) 0.105(4) 0.069(3) 0.014(3) 0.011(2) -0 .020 (3 )
C28 0.066(3) 0.069(3) 0.140(5) 0.006(3) 0.018(3) -0 .0 3 2 (3 )
C21 0.043(2) 0 .061(3) 0.105(4) -0 .002(2) 0.009(3) -0 .016 (3 )
C22 0.044(2) 0 .051(3) 0.046(2) 0.001(2) -0 .001(2 ) -0 .0 0 3 (2 )
C23 0.083(3) 0.085(4) 0.053(3) -0 .003(3) -0 .000(3 ) -0 .0 0 5 (3 )
C24 0.126(5) 0.127(5) 0.052(3) -0 .000(4) -0 .016(3 ) -0 .015 (4 )
C25 0.125(5) 0 .083(4) 0.076(3) -0 .003(4 ) -0 .030(3 ) -0 .028 (3 )
C26 0.137(5) 0.063(4) 0 .114(4) -0 .013(4) -0 .061(4 ) -0 .012 (3 )
C27 0.096(4) 0 .063(3) 0 .078(3) -0 .017(3) -0 .030(3 ) -0 .002 (3 )
C28 0.043(2) 0 .046(2) 0.039(2) 0.008(2) 0.005(2) -0 .003 (2 )
C29 0.033(2) 8 .044(2) 0.054(2) -0 .003(2) 0.004(2) 0 .002(2)
C30 0.046(2) 0 .063(3) 0.054(3) 0.009(2) 0.003(2) 0 .004(2)
C31 0.059(3) 0 .069(3) 0.072(3) 0.010(3) -0 .009(3 ) 0 .010(3)
C32 0.053(3) 0 .057(3) 0.093(4) 0.014(2) -0 .006(3 ) 0 .006(3)
C33 0.060(3) 0.063(3) 0.089(3) 0.016(3) 0.011(3) -0 .012(3 )
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Aniso t rop ic  Thermal Parameters  fo r  Ag-Pd Dimer (Continued)
Name U( 1. 1) U (2 ,2) U(3.3) U(1.2) U(1,3) U (2 .3)
C34 0.049(2) 0 .067(3) 0.065(3) 0.017(2) 0.011(2) -0 .002 (3 )
C35 0.043(2) 0 .046(2 ) 0.044(2) -0 .003(2 ) -0 .0 04(2 ) 0 .001(2)
C 36 0.062(3) 0 .047(3) 0.070(3) 0.084(2) -0 .005(2 ) 0 .000(2)
C3 7 0.096(4) 0 .051(3) 0.111(4) 0.000(3) -0 .016(4 ) 0 .001(3)
C38 0.123(5) 0 .053(3) 0. 112(5) -0 .032(3 ) -0 .020(4 ) 0.009(3)
C39 0.090(4) 0.002(4) 0.118(5) -0 .041(3 ) 0.011(3) 0 .015(4)
C40 0.054(3) 0 .071(3) 0.071(3) -0 .016(2 ) 0.013(2) -0 .002 (3 )
C41 0.038(2) 0 .051(2) 0.043(2) -0 .004(2 ) 0 .005(2) 0 .003(2)
C42 0.110(4) 0.053(3) 0.057(3) -0 .007(3 ) -0 .017 (3 ) 0 .005(3)
C43 0.131(5) 0 .062(3) 0.072(3) -0 .017(3 ) -0 .021 (3 ) -0 .009 (3 )
C44 0.002(3) 0 .091(4) 0.049(3) 70.024(3) -0 .005(3 ) -0 .0 0 3 (3 )
C45 0.150(5) 0 .090(4) 0.072(3) -0 .031(4 ) -0 .8 53(3 ) 0 .022(3)
C4£ 0.141(5) 0.062(3) 0.073(3) -0 .015(3) -0 .040(3 ) 0 .012(3)
C4 7 0.047(2) 0 .042(2) 0.043(2) 0.001(2) 0.008(2) 0 .005(2 )
C48 0.091(3) 0 .050(3 ) 0.098(3) 0.019(3) 0 .040(3) 0.026(3)
C49 0.133(5) 0 .054(3 ) 0.115(4) 0.023(3) 0 .048(4) 0 .026(3)
C50 0.104(4) 0 .061(3 ) 0.117(4) -0 .006(3 ) 0.037(3) 0 .026(3)
C51 0.099(4) 0.081(4) 0.175(5) 0.005(3) 0 .076(3) 0 .045(4)
C52 0.000(3) 0 .059(3) 0.125(4) 0.008(3) 0.052(3) 0 .025(3)
0 IS 0.129(4) 0.139(4) 0.130(4) -0 .042(3 ) 0.011(3)  --0 .030(3)
CIS 0.101(0) 0 .140(7 ) 0 .27(1) 0.039(6) -0 .039 (0 )  -0 .0 0 3 (7 )
The form of the anisotropic temperature factor is:
expC-2Pi2(h2a2U(1.1) + *2b2U(2.2) 12c2U(3,3) + 2hkabU(I,2) * 2hlocU(l,3)
+ 2klbcll(2,3) )3 uhere a,b, and c are reciprocal lattice constants.
Table of Least-Squares Planes
T tn  squat Ion of Ih *  p i  one Is o f  ( h i  forms R tx  t  ♦  Cm* -  D -  •  
u h e r e  A .B .C  1  D o r a  constants a n d  x . y  & z  o r a  o r t h o g o n a l i s e d  c o o r d l n o t o s .
P la n *  No. A B C D Atom x y  z  D i s t a n c e  E sd
I 0 .7 8 7 ?  0 .2 7 5 9  - 0 .5 5 0 9  - 0 .0 3 9 3   A tom s In P la n o ------------------------
N3 1 1 .0 1 5 0  - 4 .0 2 1 6  1 3 .0 1 2 0  8 .0 0 0  0 .0 0 S
01 1 0 .2 0 6 0  - 3 .4 2 8 5  1 3 .0 6 5 1  8 .0 0 0  0 .0 0 4
0 2  1 1 .4 6 2 7  - 3 .3 6 9 6  1 4 .7 7 3 1  6 .0 0 0  0 .0 0 4
---------- O th e r  A tom s------ --
AG 1 0 .2 0 3 8  - 1 .1 7 2 1  1 4 .0 0 5 6  8 .1 0 1  0 .0 0 0
- 0 .5 6 9 5  0 .2 B 1 2  - 0 .7 7 2 4  - 1 7 .0 0 4 2
- 0 .4 9 3 3  0 .7 1 7 ?  - 0 .4 9 1 6  - 9 .7 1 7 6
C hi
AG 1 0 .2 8 3 8  -1 .1 7 2 1 1 4 .0 0 5 6 8 .0 0 0 0 .0 0 0
P2 1 2 .1 1 0 0  8 .2 8 9 5 1 3 .1 8 5 4 6 .0 0 0 8 .0 0 1
P4 8 .3 6 1 2  - 0 .8 4 6 9 1 5 .5 4 1 5 0 .0 0 0 0 .0 0 1
PD 6 .4 9 1 4  0 .3 7 9 8 1 1 .8 4 8 9 - 0 .0 2 3 8 .0 0 0
P I 1 0 .4 3 4 5  0 .8 1 9 5 1 0 .6 6 7 6 - 8 .0 8 5 0 .0 0 1
P3 6 .6 3 4 9  - 0 .0 9 2 4 1 3 .1 4 9 5 - 6 .0 8 5 8 .0 0 1
C l 7 .8 6 0 7  - 8 .8 6 3 9 1 0 .4 2 6 9 0 .0 9 5 8.804
C2 9 .0 0 4 6  1 .0 0 3 6 1 3 .1 6 7 7 0 .8 9 8 8.004
S q u a re d •  2 0 6 3 6 .
0 .4 5 0 4  - 0 .5 7 2 0  - 0 .6 8 0 2  - 2 .9 0 2 5
C4 1 0 .2 3 5 2  2 .0 9 B 4
m e--------------
9 .4 0 2 1 - 0 .0 0 2 0 .0 0 4
C5 1 1 .1 8 5 8 3 .0 9 9 3 9 .  t e e ? 0 .0 0 6 0 .0 8 4
C6 1 8 .9 5 8 2 4 .0 7 5 6 8 .2 2 7 8 - 0 .0 0 3 0 .0 0 5
C? 9 .8 8 7 ? 4 .0 5 6 9 7 .4 7 2 8 - 0 .0 0 6 6 .0 0 4
C9 8 .8 7 7 3 3 .0 6 4 3 7 .6 5 7 0 0 .0 1 0 0 .0 0 4
C9 9 .0 8 8 5 2 .0 9 5 0 8 .6 3 3 5 - 0 .0 0 6 0 .0 0 4
S q u a re d 12.
---------------------------- O th e r  A tom s--------------------------
P I  1 0 .4 3 4 5  0 .B I9 5  1 0 .6 6 7 6  - 0 .0 4 0  0 .0 0 1
Ch
-0
Toble of Least-Sqoores Planes (continued)
P la n e  No. A B C D Atom x y  z D i s t a n c e  E sd
5  - 0 .7 1 5 3  - 0 .0 3 9 4  - 0 .S 9 7 7  - 1 4 .8 4 2 3   A tom s In  P l a n e -------------------------
CIO 1 1 .1 8 7 1 - 0 .6 2 1 8 9 .8 4 9 3 - 0 .0 8 7 0 .0 0 4
C l l 1 2 .1 3 2 7 - 0 .4 5 1 3 8 .0 S 2 0 0 .0 0 5 0.004
C 12 1 2 .7 4 3 3 - 1 .5 6 8 7 8 .2 9 7 7 0 .0 0 0 0 .0 0 5
€1 3 1 2 .4 1 1 0 - 2 .8 3 6 1 0 .7 1 1 6 - 0 .0 0 2 0.005
C14 1 1 .4 6 8 3 - 3 .0 0 5 1 9 .6 0 6 5 - 0 .0 0 1 0.005
C IS 1 0 .0 3 0 5 - 1 .9 0 4 0 1 0 .2 4 9 0 0 .0 0 5 0.804
C h i S q u a re d  •  7 .
---------------------------- O th e r-A tom s-------------------------
P i  1 0 .4 3 4 5  0 .0 1 9 5  1 0 .6 6 7 6  - 0 .0 9 7  0 .0 0 1
6  - 0 .2 4 6 5  0 .2 1 9 9  - 0 .9 4 3 9  - 1 5 .3 0 5 5   A tom s tn  P l a n e -------------------------
C16 1 3 .6 3 2 0 - 9 .5 5 2 0 1 2 .6 2 0 0 - 0 .0 0 9 0.004
C 17 1 4 .0 3 5 2 0 .1 2 3 4 1 2 .4 4 1 0 0 .8 1 3 8 .0 0 5
CIB 1 5 .9 6 4 3 - 0 .5 4 7 0 1 2 .0 0 9 0 - 0 .0 8 6 8 .0 0 5
C19 1 5 .0 9 9 0 - 1 .0 6 9 0 1 1 .7 1 8 5 - 0 .0 0 6 0 .0 0 5
C2B 1 4 .7 3 4 7 - 2 .5 3 0 4 1 1 .6 5 0 7 0 .0 0 9 8 .0 0 6
C 2 1 1 3 .5 0 7 2 -1 .0 7 9 9 1 2 .3 1 5 0 - 0 .0 0 2 0 .0 0 5
C hi S q u a re d  "  19.
---------------------------- O th e r-A tom s--------------------------
P2 1 2 .1 1 0 0  0 .2 0 9 5  1 3 .1 8 5 4  0 .0 1 7  0 .0 0 1
0 .0 6 0 1  - 0 .5 8 0 3  - 0 .0 4 2 6  9 .5 0 5 0
r.22 1 2 .7 2 6 0  1 .4 1 7 3
o n e --------------
1 4 .4 7 3 8 0 .0 2 4 0 .0 0 4
C23 12 .5 3 6 1 1 .0 3 6 8 1 5 .7 8 6 0 - 0 .0 1 2 0 .0 0 5
C24 1 3 .0 6 8 1 1 .8 7 6 0 1 6 .8 0 4 0 - 8 .0 1 4 8 .0 0 7
C25 1 3 .7 6 0 9 2 .9 8 9 7 1 6 .5 3 5 3 0 .0 2 7 0 .0 0 6
C26 1 3 .8 0 5 0 3 .3 8 9 7 1 5 .2 4 4 7 - 0 .0 1 4 0 .0 0 6
C27 1 3 .3 7 5 5 2 .6 0 9 3 1 4 .1 9 3 6 - 0 .0 1 1 0 .0 0 5
C h i S q u a re d 7 4 .
P2
----------------O th e r  A tom s-------------
1 2 .1 1 0 0  0 .2 0 9 5  1 3 .1 8 5 4 0 .1 2 9 0.001
T a b le  o f  L e a e t - S q u a r e a  P la n a a  ( c o n t in u e d )
(Horn
0 .6 3 6 4  0 .7 6 1 1  - 0 .1 2 5 2  2 .4 8 4 9  ---------
C29
C30
C3I
C32
C33
C34
C h i S q u a re d
P3
- 0 .2 8 4 2  - 0 .0 0 4 4  - 0 .9 5 8 8  - 1 4 .2 9 0 7  --------
C35
C36
C37
C3B
C39
C40
C hi S q u a re d
P3
8 .9 8 2 2  - 0 .0 2 7 5  - 0 .4 3 0 5  0 .7 2 4 1
C4I
C42
C43
C44
C45
C46
C hi S q u a re d
x  q  z  O l s t a n c e  E ad
o n e --------------
5 .2 3 5 2 0 .9 6 6 0 1 2 .7 1 1 5 - 0 .0 0 9 0 .0 0 4
4 .9 0 7 7 1 .0 4 4 7 1 1 .3 6 9 3 0 .0 1 0 0 .0 0 4
3 .8 5 2 2 1 .8 4 1 1 1 0 .9 5 5 9 - 0 .0 0 3 0 .0 0 5
3 .1 5 1 0 2 .5 7 5 1 1 1 .8 6 4 2 - 0 .0 0 5 0 .0 0 5
3 .4 7 9 3 2 .5 3 1 4 1 3 .1 0 1 7 0 .0 0 6 0 .0 0 5
4 .5 2 4 4 1 .7 2 5 1 1 3 .6 3 2 0 0 .0 0 1 0 .O 0S
14.
------------- O th e r  8 tones--------------------------
6 .6 3 4 9  - 0 .0 9 2 4  1 3 .1 4 9 5  0 .0 2 1  0 .0 0 1
o n e--------------
6 .0 3 7 4 - 1 .7 9 7 4 1 3 .1 3 2 8 - 0 .0 8 8 0 .0 0 4
6 .9 0 6 5 - 2 .0 3 6 5 1 2 .8 5 6 6 0 .0 1 4 8 .0 0 5
6 .5 1 6 1 - 4 .1 4 7 4 1 2 .9 9 9 7 - 0 .0 0 6 0 .0 0 6
5 .2 2 8 2 - 4 .4 2 1 8 1 3 .3 8 3 8 - 0 .8 0 7 0 .0 0 6
4 .3 4 6 3 - 3 .4 2 0 0 1 3 .6 1 9 2 0 .0 1 3 0 .0 0 6
4 .7 3 2 5 - 2 .8 8 8 8 1 3 .5 1 7 6 - 0 .0 0 5 8 .0 0 5
2 1 .
------------- O th e r  A to n e --------------------------
6 .6 3 4 9  - 0 .0 9 2 4  1 3 .1 4 9 5  - 0 .2 0 2  0 .0 0 1
---------- At
8 .9 3 0 1
o r a  in  PI 
0 .0 3 2 0
o n e --------------
1 7 .0 4 1 9 - 0 .0 0 4 0 .0 0 4
9 .0 1 9 9 1 .3 9 3 8 1 7 .1 1 7 8 0 .0 0 7 0 .0 0 5
9 .5 6 3 7 1 .9 9 9 2 1 8 .2 4 3 4 - 0 .0 0 4 8 .0 0 6
1 0 .0 3 3 9 1 .2 6 2 7 1 9 .2 7 6 7 - 0 .0 0 2 0 .8 0 5
9 .9 6 3 9 - 0 .0 7 6 6 1 9 .1 9 4 7 0 .0 0 5 0 .0 0 6
9 .4 1 3 7 - 8 .7 0 0 0 1 8 .0 9 6 7 - 0 .0 0 2 0 .0 0 6
4 .
------------- O th e r  A to n e --------------------------
0 .3 6 1 2  - 0 .8 4 6 9  1 5 .5 4 1 5  8 .1 5 3  0 .0 0 1
V I
Table ot Least-Squares Planes (conIInued)
P la n e  H o. ft B C D A la n  x y  i D i s t a n c e  E sd
11 - 0 .4 6 7 0  - 0 .2 6 0 5  - 0 .0 4 4 6  - 1 6 .6 6 0 3  -------------
C47 7 .5 8 4 9 -2 .3 2 7 0 1 6 .2 5 4 5 - 0 .0 0 1 0 .0 0 4
C48 0 .2 7 4 7 -3 .4 9 7 0 1 6 .2 2 5 9 0 .0 0 6 0 .0 8 5
C49 7 .7 9 5 3 - 4 .6 3 7 5 16 .B 600 - 0 .0 0 9 0 .0 0 6
C50 6 .5 9 0 1 - 4 .6 0 9 0 1 7 .4 9 7 2 0 .0 0 6 0 .8 0 6
C5I 5 .9 0 0 1 -3 .4 4 8 5 1 7 .5 3 3 9 - 0 .0 0 1 0 .0 0 6
C52 6 .3 0 0 1 -2 .3 0 B 0 1 6 .9 1 7 4 - 0 .0 0 2 0 .0 0 5
C h i S q u a re d  - 4 .
■Other A to m ----------------
P4 B .3 6 I2 - 0 .8 4 6 9 1 5 .5 4 1 5 - 0 .1 4 7 0 .0 0 1
D ih e d ra l  A n g le s  B e tu e e n  P l a n e s :  
P la n e  No. P la n e  No.
1 2
D ih e d ra l  A n g le  
0 6 . B7 4 -  8 .1 9 D ih e d r a l  A n g le s  B e tu e e n  P l a n e s  ( c o n t i n u e d ) :
1 3 0 5 .3 9  0 .3 6
1 4 5 4 .6 9  4- 8 .3 8 P la n e  No. P la n e  No. D ih e d ra l  A nq to
1 5 1 0 0 .9 5  4 -  0 .1 7 ------ ------ ----------
1 6 6 7 .2 7  •*- 0 .2 2 4 8 9 3 .3 5  4- 0 .1 3
1 7 5 5 .9 0  4 -  0 .3 5 4 9 5 B .3 7  4- 0 .1 4
B 3 8 .7 2  4- 0 .6 2 4 10 4 3 .7 7  4- 0 .2 1
1 9 7 2 .3 6  4- 0 .1 9 4 11 5 9 .4 0  4- 0 .1 5
1 10 1 9 .9 2  4- 0 .5 0 5 6 3 4 .2 9  4 -  0 .2 0
I 11 0 8 .5 7  4- 0 .2 2 5 7 1 2 4 .4 4  4- 0 .1 7
2 3 3 0 .4 2  4- 0 .1 2 5 B 1 1 3 .4 5  4- 0 .1 5
2 4 8 4 .0 6  4- 0 .0 9 5 9 2 9 .2 6  4 -  0 .2 5
2 5 2 0 .7 4  4 -  0 .2 3 5 10 1 1 0 .1 2  4- 8 .1 2
2 6 2 1 .3 6  4- 0 .2 2 5 11 2 0 .9 1  4 -  0 .3 6
2 7 1 2 6 .6 6  4 -  0 .1 5 6 7 1 0 6 .4 8  4 -  0 .1 8
2 8 9 2 .9 7  4- 0.U 6 B B 2 .6 I  4 -  0 .1 6
2 9 2 5 .6 9  4 -  0 .2 0 6 9 1 3 .8 9  4- 0 .3 2
2 10 1 0 0 .9 0  4- 0 .1 0 6 10 7 9 .7 6  4 -  0 .1 5
2 11 3 2 .2 7  4 -  0 . IB 6 11 3 1 .2 2  4- 0 .2 0
3 4 1 0 7 .5 9  4 -  0 .1 0 7 8 8 0 .4 5  4- 0 .1 3
3 5 4 8 .1 3  4- 0 .1 4 7 9 1 0 1 .6 2  4- 0 .1 9
3 6 4 1 .9 8  4 -  0 .1 0 7 10 3 6 .0 7  4- 0 .2 1
3 7 1 4 0 .1 9  4- 0 .1 9 7 11 1 0 3 .5 3  4- 0 .1 8
3 B 7 2 .9 1  4 -  0 .1 0 8 9 9 3 .6 8  4 -  0 .1 7
3 a 5 2 .5 3  4- 0 .1 6 8 10 5 2 .6 2  4- 0 .1 8
3 10 1 0 4 .6 6  4- 0 .1 3 8 11 1 1 2 .9 7  4 -  0 .1 8
3 II 6 2 .6 0  4- 0 .1 4 9 10 8 1 .0 0  4- 0 .1 6
4 5 8 0 .2 5  4- 0.12 9 11 1 9 .2 9  4- 0 .3 2
4 r. 6 6 .2 2  4 -  0 .1 3 10 I t 9 2 .9 4  4 -  0 .1 6
4 7 4 4 .4 4  4 -  0 .2 2
X-ray Data -for trans-(NC> ^ Pd (dppm) 2 
( See Figure 1, page 20 )
Tafele of-. Posit ional Panmcter* and Thelr_.E3tl«ated Standard Devlatlom
Atcm S X Z B(A2)
Pd 0 0 0 3.61(1)
PI 0.4845(1) -0.4009(2) 0.39687(9) 3.10(4)
P2 0.2928(21 -0.5484(2) 0.3256(1) 3.82(4)
N 0.2410(6) 0.088(1) -0.0221(4) 7.9(3)
Cl 0.3445(5) -0.3848(7) 0.3578(4) 3.2(1)
C2 0.5603(6) -0.4789(8) 0.3313(4) 3.5(2)
C3 0.5832(6) -0.6133(9) 0.3343(4) 4.4(2)
C4 0.6340(7) -0.675(1) 0.2824(5) 5.9(2)
C5 0.6585(7) -0.604(1) 0.2274(5) 6.2(2)
C6 0.6352(7) -0.468(1) 0.2250(4) 5.9(2)
C7 0.5858(6) -0.403(1) 0.2778(4) 4.7(2)
CB 0.5370(6) -0.2314(8) 0.4071(3) 3.4(2)
C9 0.6520(7) -0.2125(9) 0.4193(4) 4.7(2)
CIO 0.6948(7) -0.086(1) 0.4303(5) 5.7(2)
Cll 0.6267(9) 0.024(1) 0.4279(5) 6.7(3)
C12 0.5131(9) 0.007(1) 0.4156(5) 6.0(2)
C13 0.4710(7) -0.1218(9) 0.4058(4) 4.5(2)
C14 0.1414(6) -0.5230(7) 0.3260(4) 3.8(2)
C15 0.0714(7) -0.5376(9) 0.2715(5) 4.8(2)
C16 -0.0435(7) -0.530(1) 0.2758(5) 5.4(2)
C17 -0.0876(7) -0.507(1) 0.3342(5) 6.2(2)
C18 -0.0181(7) -0.494(1) 0.3903(5) 7.0(3)
C19 0.0964(7) -0.504(1) 0.3849(5) 6.0(2)
C20 0.3166(6) -0.5326(7) 0.2377(4) 3.9(2)
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Table of Positional Parameters and Their Estimated Standard Deviations (cont.t
Atoa £ I £ fMA2)
C21 0.3637(6) -0.6364(8) 0.2061(4) 4.4(2)
C22 0.3604(B) -0.637(1) 0.1390(5) 5.8(2)
C23 0.347(1) -0.527(1) 0.1031(5) 6.7(3)
C24 0.3008(9) -0.416(1) 0.1346(5) 6.3(3)
C25 0.2866(7) -0.4195(9) 0.2003(4) 4.9(2)
C26 0.1554(6) 0.055(1) -0.0140(4) 5.0(2)
01S 0.632(1) 0.682(1) 0.0560(7) 6.4(3)*
02S 0.542(2) 0.691(2) 0.0480(9) 10.4(5)*
CIS 0.627(3) 0.696(4) -0.012(2) 12(1)*
C2S 0.500(3) 0.710(4) -0.013(2) 12(1)*
Starred aeons are ha lf 'popu la ted  and were refined ls o t ro p lc a l ly . 
The equivalent Iso tro p ic  th e raa l  p a raae te r ,  fo r atoas refined 
an iso tro p ica l ly ,  Is  defined by the equation: 
jta^Bj^ + b2®22 + c3b33 *  • bBi j co r» ♦ acB13cosB + bcBj^cosa 3
Table of bond Distances Iri Ancrstrons
Atoe 1 Atoa 2 Distance Atom 1 Atoa 2
: 3 = - S 8 DistanceK8K83~=r
Atoa 1 Atca 2 Distance
Pd PI 2.3080(9) C2 C7 1.375(6' C14 Cl'? 1.356(6)
Pd ri' 2.308019) C3 C4 1.395(6) c :s Clb 1.401(6 )
Pd C26 1. '*9)3(4) C4 C5 1.372(3- C'.c C l ' 1.3 50' "
Pd C26' 1. ”>98 ( 4 ) C5 C6 1.392(8' C17 CIB 1. 375<7 1
PI Cl 1.829(4) C6 (37 1.414(6) C18 C19 1.401(6)
PI c : 1.037(4) C8 C9 1-410(5) C30 C21 1.279(6'
PI C8 1.817(4) C8 C13 1.355(6) C20 C25 1.3 95 • :
P2 Cl 1.854(4) C9 CIO 1.37517) C21 r- 1.286(6)
P2 C14 1.050(4) CIO Cll 1.373(B) c:: C23 1.36 3(7)
P2 C20 1.831(5) Cll Cl 2 1.3901r; C23 C24 1.413<7)
N C26 1.110(5) C12 C1J 1.397(6) C24 C25 1.35-5 'o)
C2 cn 1 . 372(6) C14 C*5 1.355(6;
T a b  1 1.' >il i i u n d  A u u l c a  t i l  P d g t P f l S
At cm 1
am a : : e
Aton 2 Atoa 3
ss« *m m a
Anale
i t s : t
pi Pd p i * 180
pi Pa C26 90.6(1)
pi Pd C26 ’ 39.4(1)
p i Pd C26 89.4(1)
pi Pd C26 ’ 90.6(1)
C26 Pd C26' 180
Pd PI Cl 116.M 1)
Pd PI C2 117.2(1)
Pd n 03 106.9(1)
CX pi C2 102.6(2)
Cl p i C8 105.9(2)
C2 pi C8 196.9(2)
Cl P2 C14 100.9(2)
Cl P?. C20 101.2(2)
rr, CIO Cll 120.6(5)
CIO Cll C12 113.8(5)
Cll c i : C1J 113.8(5)
C8 C13 C12 122.3(4)
P2 C14 C15 123.2(4)
P2 C14 C19 118.6(3)
C15 C14 C19 117.8(4)
o n Cl 5 C1C .20.9(5)
C15 C16 C17 121.0(4)
C16 C17 CIS 119.1(4)
C17 C10 C19 118.8(5)
Atoa 1 Atom 2 Atom 3 Anale
( I I S S S m c s  s S B M S S S S S S t l
C14 P2 C20 102.2(2)
PI Cl P2 110.8(2)
PI C2 C3 119.5(3)
PI C2 C7 119.1(3)
C3 C2 C7 121.2(4)
C2 C3 C4 119.9(5)
C3 C4 C5 120.815)
C« C5 C6 118.8(5)
C5 C6 C7 120.9(5)
C2 C7 C6 118.3(5)
PI CB C9 118.6(3)
PI CO C13 123.4(3)
C9 CO C13 118.0(4)
CB C9 CIO 120.5(5)
C14 C19 C18 122.5(5)
P2 C20 C21 118.8(3)
F2 C20 C25 123.1(3)
C21 C20 C25 11B.K4)
C20 C21 C22 122.5(5)
C21 C22 C2J 118.3(5)
C22 C23 C24 120.3(5)
C2.I C24 C2‘. 120.1(5)
cio C25 C24 120.6(5)
Pd C26 N 178.7(6)
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Ceordlnatee Aaslcmed to  Hydrogen Atoms
A tow X 1 £ B 'A 2 )
H 011 0 .3 4 5 4 - 0 . 3 2 2 6 0 .3 2 2 1 4
H 012 0 .2 9 6 3 - 0 .3 5 2 2 0 .3 8 9 4 4
H3 0 .5 6 3 5 - 0 . 6 6 4 6 0 .3 7 1 2 5
H4 0 .6 5 1 9 - 0 . 7 6 8 3 0 .2 8 5 2 7
H5 0 .6 9 0 2 - 0 .6 4 5 5 0 .1 9 1 7 8
H6 0 .6 5 2 9 - 0 . 4 1 7 2 0 .1 8 6 9 7
H7 0 .5 7 0 4 - 0 . 3 1 0 4 0 .2 7 5 9 6
H9 0 .7 0 0 4 - 0 . 2 6 7 3 0 .4 1 9 7 6
H 10 0 .7 7 2 1 - 0 . 0 7 4 6 0 .4 3 9 3 7
H l l 0 .6 5 7 1 0 .1 1 0 9 0 .4 3 4 8 8
H I 2 0 .4 6 5 7 0 .0 8 2 6 0 .4 1 4 1 7
H13 0 .3 9 3 1 - 0 . 1 3 2 5 0 .3 9 7 5 5
H IS 0 .1 0 0 1 - 0 . 5 5 2 6 0 .2 2 9 7 6
H16 - 0 . 0 9 1 4 - 0 .5 4 2 1 0 .2 3 7 1 6
H 17 - 0 . 1 6 5 7 - 0 . 4 9 8 3 0 .3 3 6 0 7
ms - 0 . 0 4 7 5 - 0 . 4 7 7 9 0 .4 3 1 7 9
H U 0 .1 4 3 8 - 0 . 4 9 5 6 0 .4 2 4 2 7
H 21 0 .3 6 5 9 - 0 . 7 1 5 4 0 .2 3 1 1 5
H 22 0 .4 1 3 7 - 0 . 7 1 0 4 0 .1 1 8 9 7
H 23 0 .3 5 4 7 - 0 . 5 2 4 5 0 .0 5 6 4 a
H 24 0 .2 7 9 0 - 0 . 3 3 8 9 0 .1 0 9 3 8
H 2S 0.2556 ' - 0 . 3 4 4 4 0 .2 2 1 2 6
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Table ct Anisotropic Th^raal Parameters - ')’s
Naee ,J11 _y 2 2_ _y33_ _ y.i?.. _y i 3 _
Pd 0 . 0 3 3 5 ( 3 ) 0 .0 5 8 4 ( 4 ) 0 . 0 4 6 1 ( 4 ) - 0 . 0 0 2 1 ( 4 ) 0 . 0 0 8 0 ( 3 ) - 0 . 0 0 6 9 ( 5 )
P I 0 . 0 3 0 7 ( 8 ) 0 .0 4 8 1 X) 0 . 0 3 9 5 ( 9 ) - 0 . 0 0 2 2 ( 8 ) 0 . 0 0 3 8 ( 7 ) 0 . 0 0 5 0 ( 8 )
P 2 0 . 0 4 0 2 ( 9 ) 0 . 0 4 4 ( 1 ) 0 . 0 6 1 ( 1 ) - 0 . 0 0 4 2 ( 8 ) - 0 . 0 0 1 7 ( 9 ) 0 .0 0 4 ( 1 )
N 0 .0 4 6 ( 4 ) 0 . 2 0 ( 1 ) 0 . 0 5 2 ( 4 ) - 0 . 0 3 4 ( 5 ) 0 . 0 0 8 ( 3 ) 0 . 0 0 1 ( 6 )
C l 0 . 0 3 3 ( 3 ) 0 . 0 4 0 ( 4 ) 0 . 0 5 0 ( 4 ) 0 .0 0 4 ( 3 ) 0 . 0 0 2 ( 3 ) 0 . 0 0 3 ( 3 )
C 2 0 .0 3 X ( 3 ) 0 . 0 5 5 ( 5 ) 0 . 0 4 7 ( 4 ) - 0 . 0 0 2 ( 3 ) 0 . 0 0 2 ( 3 ) - 0 . 0 0 2 ( 4 )
C3 0 .0 4 2 ( 4 ) 0 . 0 7 1 ( 6 ) 0 . 0 5 3 ( 4 ) 0 .0 0 5 ( 4 ) 0 . 0 0 2 ( 4 ) - 0 . 0 0 6 ( 4 )
C4 0 .0 4 9 ( 5 ) 0 . 0 9 0 ( 7 ) 0 . 0 8 5 ( 6 ) 0 .0 1 1 ( 5 ) - 0 . 0 0 2 ( 5 ) - 0 . 0 3 1 ( 5 )
C5 0 .0 5 X C S ) 0 . 1 2 2 ( 8 ) 0 . 0 6 6 ( 5 ) - 0 . 0 0 7 ( 6 ) 0 . 0 1 7 ( 4 ) - 0 . 0 2 4 ( 6 )
C6 0 .0 5 7 ( 4 ) 0 . 1 2 0 ( 8 ) 0 . 0 5 1 ( 4 ) - 0 . 0 2 8 ( 5 ) 0 .0 1 9 ( 4 ) - 0 . 0 0 3 ( 5 )
C7 0 .0 4 5 ( 4 ) 0 . 0 8 3 ( 6 ) 0 . 0 5 0 ( 4 ) - 0 . 0 1 4 ( 4 ) 0 . 0 0 9 ( 4 ) - 0 . 0 0 1 ( 5 )
C8 0 .0 4 4 ( 4 ) 0 . 0 4 9 ( 4 ) 0 . 0 3 5 ( 3 ) - o i o 0 9 ( 3 ) 0 . 0 0 7 ( 3 ) 0 . 0 0 0 ( 3 )
C9 0 . 0 4 6 ( 4 ) 0 . 0 6 7 ( 6 ) 0 . 0 6 5 ( 5 ) - 0 . 0 1 4 ( 4 ) 0 . 0 0 6 ( 4 ) - 0 . 0 0 5 ( 5 )
CIO 0 . 0 5 9 ( 5 ) 0 . 0 6 7 ( 7 ) 0 . 0 7 2 ( 6 ) - 0 . 0 2 9 ( 5 ) 0 . 0 0 9 ( 5 ) - 0 . 0 1 0 ( 5 )
C l l 0 . X 0 7 (7 ) 0 . 0 7 7 ( 7 ) 0 . 0 7 0 ( 6 ) - 0 . 0 4 7 ( 5 ) 0 . 0 0 9 ( 5 ) - 0 . 0 0 2 ( 5 )
C 12 0 . 0 8 4 ( 6 ) 0 . 0 6 4 ( 6 ) 0 . 0 8 1 ( 6 ) - 0 . 0 1 1 ( 6 ) - 0 . 0 0 3 ( 5 ) - 0 . 0 0 7 ( 6 )
C13 0 .0 5 3 ( 4 1 0 . 0 5 4 ( 5 ) 0 . 0 6 3 ( 5 ) - 0 . 0 1 1 ( 4 ) 0 .0 0 1 ( 4 ) 0 . 0 0 6 ( 4 )
C 14 0 . 0 4 1 ( 3 ) 0 . 0 4 0 ( 5 ) 0 . 0 6 1 ( 4 ) - 0 . 0 1 0 ( 3 ) - 0 .0 0 7 . ( 3 ) 0 . 0 0 4 ( 4 )
C IS 0 . 0 3 9 ( 4 ) 0 . 0 7 0 ( 6 ) 0 . 0 7 3 ( 5 ) - 0 . 0 0 1 ( 4 ) - 0 . 0 0 2 ( 4 ) - 0 . 0 0 9 ( 5 )
C16 0 . 0 4 4 ( 4 ) 0 . 0 7 7 ( 7 ) 0 . 0 8 2 ( 6 ) - 0 . 0 0 2 ( 4 ) - 0 . 0 0 8 ( 4 ) - 0 . 0 0 4 ( 5 )
CX7 0 . 0 3 8 ( 4 ) 0 . 0 9 2 ( 7 ) 0 . 1 0 4 ( 7 ) - 0 . 0 1 6 ( 5 ) 0 . 0 0 6 ( 4 ) - 0 . 0 1 1 ( 6 )  .
C IB 0 . 0 4 6 ( 4 ) 0 . 1 3 4 ( 9 ) 0 . 0 8 7 ( 6 ) - 0 . 0 2 6 ( 6 ) 0 . 0 1 6 ( 4 ) - 0 . 0 0 6 ( 7 )
CX9 0 .0 S X ( 4 ) 0 . 1 0 7 ( 7 ) 0 . 0 6 8 ( 5 ) - 0 . 0 2 5 ( 5 ) - 0 . 0 0 1 ( 4 ) 0 .0 0 0 ( 6 )
C20 0 . 0 4 3 ( 4 ) 0 . 0 4 2 ( 5 ) 0 . 0 6 1 ( 5 ) - 0 . 0 0 2 ( 3 ) - 0 . 0 0 3 ( 4 ) - 0 . 0 1 0 ( 3 )
C2X 0 . 0 4 6 ( 4 ) 0 . 0 5 1 ( 5 ) 0 . 0 7 0 ( 5 ) - 0 . 0 0 7 ( 4 ) 0 . 0 0 5 ( 4 ) - 0 . 0 1 0 ( 4 )
C22 0 . 0 6 9 ( 6 ) 0 . 0 7 5 ( 6 ) 0 . 0 7 6 ( 6 ) - 0 . 0 0 4 ( 5 ) 0 .0 1 6 ( 5 ) - 0 . 0 2 2 ( 5 )
C23 0 . 0 9 6 ( 7 ) 0 . 0 9 4 ( 8 ) 0 . 0 6 7 ( 6 ) - 0 . 0 0 6 ( 6 ) 0 . 0 1 8 ( 5 ) - 0 . 0 2 0 ( 5 )
C 24 0 . 0 9 5 ( 7 ) 0 . 0 7 1 ( 7 ) 0 . 0 7 4 ( 6 ) 0 . 0 1 2 ( 6 ) 0 . 0 0 6 ( 6 ) 0 . 0 0 5 ( 6 )
C 25 0 . 0 7 3 ( 5 ) 0 . 0 6 4 ( 6 ) 0 . 0 5 1 ( 5 ) 0 . 0 0 5 ( 5 ) 0 . 0 1 3 ( 4 ) - 0 . 0 0 0 ( 4 )
C 26 0 . 0 3 4 ( 4 ) 0 . 1 0 6 ( 7 ) 0 . 0 5 1 ( 4 ) - 0 . 0 1 5 ( 4 ) - 0 . 0 0 0 ( 3 ) - 0 . 0 1 4 ( 5 )
The fora of the anisotropic teaperature factor let
eapC-2»2th2a*2011 ♦ k2b*302a ♦ l V J033 ♦ 2(hlca*b*0ia ♦ hla*c*U13 + klb*c*U23> »
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